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EXECUTIVESUMMARY

_- The NASA-3et PropulsionLaboratory(3PL) in Pasadena, California has

generatedand disposed of hazardousmaterialsduring its researchand

developmentactivities.The ComprehensiveEnvironmentalResponse,Compensa-

tion,and LiabilityAct (CERCLA),as amended,stipulatesthat such federal

facilitiesperform a preliminaryassessmentat sites where hazardous

materialsmay have enteredthe environment.Ebasco Servicesconducteda

preliminaryassessment/siteinspectionof 3PL in 1988(Ebasco,lg88alg88b).

The data collectedduringthis PA/SI was used for a preliminaryHazard

Ranking System (HRS) score, The HRS score is used to rank sites for

potentiallistingon the NationalPrioritiesList (NPL). Duringthe early

partof lggo,EbascoServicesconductedan ExpandedSite Inspection(ESI)of

3PL to provideadditionalsupportand documentationfor a finalHRS score.

Duringthe ESI of 3PL, five groundwatermonitoringwellswere installedand

38 soil gas collectorswere used to outline the nature and extent of

groundwaterand soil gas contamination.Two of the monitoringwells were

drilledto crystallinebasementrock,as deepas 725 feet belowgroundlevel,

and were completed with a multi-port casing system which allows for the

_ simultaneousmonitoringof separatewater-bearingzoneswithinthe aquifer.

Groundwatersampleswere collectedand sentfor laboratoryanalysisof vola-

tile and semivolatileorganics,CaliforniaTitle 22 metalsplus strontium,

pesticides and PCBs, Total Petroleum Hydrocarbons, and cyanide. These data

were collected for input for the final HRS evaluation. The laboratory data

_ indicatethat groundwaterat 3PL is contaminatedwith volatileorganic

compounds including carbon tetrachloride, trichloroethene, and tetrachloro-

etheneat concentrationsabovestateand federalregulatorythresholds.

The HRSscorecalculatedfor 3PL is 3B.3,basedon the data collected.This

scoreis abovethe 2B.5levelrequiredto be consideredfor the NPL.
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1.0 INTRODUCTION

EbascoEnvironmental(Ebasco)has completedan ExpandedSite Inspection

(ESI)of the Jet PropulsionLaboratory(2PL)in Pasadena,California.This

work was conductedfor NASA in response to requirementsof the U.S.

EnvironmentalProtectionAgency (EPA). Section 1ZO of the Comprehensive

EnvironmentalResponse,Compensation,and LiabilityAct (CERCLA)as amended

by the SuperfundAmendmentsand ReauthorizationAct (SARA)mandatedthat the

EnvironmentalProtectionAgencyestablisha "docket"of Federalfacilities

_ where hazardouswaste is generatedand/orstored,treatedor disposedof

currentlyor in the past. Section120(d)requireda preliminaryassessment

__ (PA) for thosefacilitieson the docketby April18, lg88. The purposeof

the PA was to identify sites requiring further study under a site inspection

(SI). Ebascoconducteda PA/SIat JPL duringthe monthof February,1988.

Basedon datafrom the PA/SI,a scoreusingthe HazardRankingSystem(HRS)

was obtained. The HRS is used to rank sitesfor potentiallistingon the

NationalPrioritiesList (NPL).

The purposeof thisreportis to provideadditionalsupportfor an HRS score

and present the results of groundwaterand soil gas investigations performed

betweenJanuaryand March lggO as part of an ESI of JPL. This report

discussesthe methods used by Ebasco during this worK, identifiesand

discussesthe physicalcharacteristicsof 3PL geologyand hydrogeologyand

presents the findings.

_ 1.1 OBJECTIVESAND ORGANIZATIONOF REPORT

_, Theobjectivesof thisreportare as follows:

o To supportan HRS score with additionalgroundwaterand soil gas

data;

o To outlinethe natureof 3PL groundwaterand soil gas contaminants

(i.e., type and concentration); and
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o To identifyto the extentpossiblethe horizontaland verticalextent

of groundwatercontaminantsbasedon a limitednumberof wells and

soilcollectors.

Sections1.O and 2.0 of this report provideintroductoryand background

information. Section 3.0 identifies and describes site investigation

methodologies.Section4.0 discussesthe resultsof fieldinvestigations.

Section5.0 providesthe HazardRankingSystemscore.
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2.0 SITE DESCRIPTION

JPL is located in Pasadena, California, northeast of Interstate 210, the

Foothill Freeway. The site covers 176 acres and is situated on a south-

facing slope of a foothill ridge of the San Gabriel Mountains. JPL is

immediatelywest and north of the Arroyo Seco intermittentstream bed, and

north of the Devil'sGate Reservoir. Figure2-1 shows the locationof JPL.

JPL is borderedon the west by a residentialneighborhood,and on the south

by an equestrian club and an L.A. County Fire Station. A U.S. Forest

Service Ranger Station, high school and county park also lie to the south of

_ 3PL. The facility lies partially within the cities of Pasadena and La

Canada-Flintridge. Residential areas of these cities and of Altadena are

within one to three miles of JPL. The total population residing in the

vicinity of JPL is as follows:

o within one mile of the site - 9,500;

o within two miles of the site - 17,000; and

o within three miles of the site - 20,000.

Residential property is adjacent to JPL property. The nearest offsite

building is also adjacent to JPL property. The total number of buildings

within two miles of the facilityis approximately2,500 (Ebasco, 1988b).

2.1 HISTORYOF SITE

The NASA-Jet Propulsion Laboratory was developed and operated by the Army

between 1945 and 1957; jurisdictionwas transferred to NASA in 1958. The

California Institute of Technology (Cal Tech) is currently under contract to

NASA to conduct research and development at JPL. JPL currently employs

almost 8,000 people. JPL's mission is research and development in

aeronautics, space technology, and space transportation. JPL's primary

activities include explorationof the earth and solar system with automated

spacecraft, the design and operation of the global Deep Space Tracking

Network, and other research and developmentactivities. Since 1958 JPL has

3961E 2-1 !
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managedthe Rangerand Surveyormissionsto the moon; the Marinermissions

that exploredMars, Venus, and Mercury; the Viking Mars Orbiters;the

Voyager missions to Jupiter, Saturn, Uranus, and Neptune; and the

earth-orbitingInfraredAstronomicalSatellite(IRAS). The latestof JPL

missionsto explorethe planetsin more detailincludeGalileo,a Jupiter

orbiterand probeand Magellan,a Venusorbiter. To accomplishthesetasks

a varietyof supportfunctionsand researchand developmentlaboratories

usingvariouschemicalsare presentat OPL. The generaltypesof material

presentat JPL, now and in the past,includesolventssuch as tetrachloro-

ethene (PCE), solid rocket fuel propellants,cooling tower chemicals,

_- sulfuricacid,freon,mercury,and chemicallab wastes. Betweenlg45 and

lg60,at leasteightseparateareasused to disposeof wasteswere present

__ on 3PL wherethe abovementionedmaterialsmay have been or are suspectedto

have been disposed. Figure2-2 showsthe locationsof the buildingsand

roadsystemat JPL and theapproximatelocationsof theseold wastedisposal

sites.

_ At 3PL there have been two documentedchemicalspills. One involveda

batteryacidspillbetweenBuildings230 and 1BO in lgBB. The batteryacid

_- foundits way to the stormdrainand was pumpedout wherethe stormdrainage

systementersthe Arroyo. The secondincident,also in lgBB,involveda one

gallonmethylenechloridespillon the loadingdock of Building241. The

methylene chloride was contained and cleaned up.

2.2 GROUNDWATERHYDROLOGY

'- The JPL facilitiesare locatedwithinthe Monk Hill Subareaof the Raymond

Basin(see Figure2-3). The RaymondBasinis a smalltriangulargroundwater

basinboundedon the northby the San GabrielMountains,on the west by the

San RafaelHillsand on the south by the RaymondFault. RaymondBasin's

groundwateris an importantsourceof potablegroundwaterfor many communi-

ties in the area includingPasadena,La Canada-Flintridge,San Marino,

SierraMadre,Altadena,Alhambra,and Arcadia. The aquiferunder2PL is not

designatedas the soleor principaldrinkingwatersourcefor OPL.
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\ A B D E F

v JPL
_ JetPropulsionLaboratory

I -_. CaliforniaInstituteofTechnology

--t EXISTING LABORATORY FACILITIES
r

NO. BUILDING TITLE LOCATION

I11 Space Sciences Laboratory 4.F 198 Control Systems Laboratory 6-D

18 Structural Test Laboratory 5-D 199 Celestial Simulator · 6-O
20 Thermionic Converter Laboratory 4-F 200 Facilities Engineering and Service 8-0

'- ' 23 Vacuum Furnace Laboratory 4-F 201 Carpenter Shop 8-C
' 31 Metallographic Laboratory 4-F 202 Procurement and Communications Support 7-C
' 32 Thermionic Converter Lal_ratory 4-F 212 Antenna Laboratory 2-D

j \ ._ Anechoic Labo_tory 4-D 218 Credit Union 7-C

I Compressor Bul;ding 4-D 220 ICa Terminal 4-D

.-.,,.
: ) 67 Material Research 5-C 224 Sewage UII Station 8-C

_. -- 72 Engineering Offices 5-D 225 Nitrogen Facility Office 5-D
78 HydraulicsLabc:ato.'y 5-E 226 Solvent Storage 5-D
79 W_nd Tunnel (20 tach) 4.D 227 Guard Shelter (Mesa) 2-C
80 W_nd Tunnel (21 inch) 4-D 228 Cooling Tower (A-B) 4.B

' ' 81 Space Sciences Laboratory 4-F 229 Shielded Room Building 5-O

82 High Vacuum Laboratory 5-D 230 Space Flight Operations Facility 5-C

83 Ouaii_ Assurance. 5-D 231 Paint Shop 8-C
_- 84 Chemical Materials Labor_tory 5-E 233 Systems Development 7-C

8_ Solid Oxidizer L,*boratory 4-E 234 Lumber Storage 8-C
r_ Propellant Cend:tioning Laboratory 4-E ' 237 Cooling Tower 4-E

.. Mixing Laborato.¥ 4-E 238 Telecommunications 5-C
89 LasarLaborator 7 4-E 239 Propellant Conditioning Laboratory 4-E

[ 9_01 Pyrotechnics Laooratory 4-E 241 Receiving and Shipping 7-D

Air Dryer 5-D 243 Remote Antenna Range Control 2-C
- Development Laboratory:and Offices 4-E 244 Chemical Engineering 4.E

98 Solid Fuel Laboratory 4.E 245 Spectroscopy Laboratory 4.B
103 Fabrication Shop 5-F 246 Soils Test Laborato_ 4-D

- 106 Glassblowing Laboratory 4.D 248 tO-Ft. Space Simulator 4-C
107 Laser Research Laboratory 4.F 249 VisitorReception 6-B

250 Main Guard Shelter 5-B

"_" Ji 110 Fuel Storage Dock 4. D i
I/ 111 Technical inlormatlon ' 5-C 251 Gyro Laboratory 4-A

. . plrking leal S26 113 Pneumatics Laboratory 5-E 252 Guard Shelter 5-8

i_ 114 Electronics Developmenl 5-C 253 Magnetics Laboratory 4-A
I_ 116 Propellant Storage Dock 6-E 255 Sewage Lilt Station 7--C

- - parking .re. " , 117 Liquid and Solid'Propellant Laboratory 4-D 256 ModelRange Control 2-C
121 Employe_e Development ,_,enter 4-F · 257 Main Guardlsland 5-B

_. 122 Energy Conversion Systems 5-D 258 Water Reservoir 3-F

- _ 125 lei.ed 125 Cemblned Engineering Support 5-D 25g Liquid NitrOgen Bottling Storage 5-0
'.." perking 126 Information St/stems Development 5-B 260 Illuminator equipment 3-B

area 129 Combustion Research I.._bOratory 5-E 26;1 Controlled Storage 5-D
134 Thermionlc Assembly La._Oratory 4-F 262 Radiometer 2-B

_.__...... _ / 138 Mission Operaticns 5-C 263 First Nd 6-D

; '_°° I' 140 Propulsion Materials Storage 4-D 264 Space Flight Support 6-Ce _../: 141 Proj:!uision Materials Storage 4-D 267 Water Reservoir 3-C· -, 143 Sohd Rocket Dock .... 4-E '

i t ' 268 Pump House ...... _ 3-C

-- ' ' _ ' , 144 Environmental I.abo_atory 4-C . 269 Grounds Maintenance 7-D
145 Magazine Propellant 4-E 270 Sewage Metering Station 7-B

· i 148 Energy Conversion Laborato_ 4-D 271 Oil Storage 5-D
- ' _ 149 EnergyConversion Development 4-D 272 East Illuminator 3-D

· 150 25 Ft. :Space Simulator 4-C 273 Antenna Tower 3-D
i 156 Computer Program Offlc".s 5-C 274 Cooling TOWer 7-D

-_ '157 Applied Mechanics 6-D' 275 Pyrotechnic_torage - . 4-E

158 Materials Research Proc_sslng Laboratory 5-D 276 Propellant Sto(age 3-E
159 Pump House (Water) ' 4-F 277 Isotope Thermo,_lec. Sys. AppI. Lab. 5-E

_ _ 160 Pump House (Sewage) 5-D 278 Robotics Laboratory 6-D
[:_ 161 Telecommunications Laboratory 5-C- 279 Guard Shelter - Ga,re 'E' 7-C

/ 4-D Static Test Tower 4-D: 166 Cooling Tower 280
,', 167 Cafeteria 5-C 281 Fireman and Guard Station 6-D

! -- / 168 instrumant S_,s_ms Labc_atory 7-C 283 Metal Storage 6-D

_zo D 169 Earth Space Science 7-C 284 Transportatmn Office 5-E
170 Fabrication Shop 7-D 285 Arroyo Bddge 4-G

- - C, 171 Material Services 7-O 286 Guard Shelter 4-F
_.'_ 173 Test Shelter 4-F 287 Guard bland 4-F

175 Water Reservoir 3-F 288 Pro)ect Equipment Storage 4-D
? 177 Transportation Garage 5-E 289 Mare Sewage Uft Station 7-S

I -- _ _' 179 Spacecraft Assembly Facility 7-C 290 Antenna inspection 2-D

180 Administration - 6-B 291 Procurement Services 8-C
/ 183 Physical Sciences Laboratory 6-C 292 Fire Truck Sheller 6-C

184 Electronic Stores 6-D 293 instrumentation Cable Amplifier Building 5-C
2-E185 programming C_fice 5-C 295 Antenna Test Facility

186 Science. Exhibits and Engineering 7-B 296 Central Cooling Tower 5-D
187 Chemical Storage ' 6-E 297 Xenon Test Laboratory 4-C

i - - 189 ' Electronic Laboratory Annex ' 5-D 298 Frequency Standards Laboratory 5-A

190 procurement Offices 8-C 299 Assembly, Handling. Shiping Equip Fac 4-D
191 Materials Compatibility Laboratory 3-F 300 Earth and Space Sciences Laboratory 5-EO 195 Guard Shelter 7-C 301 Central Engineering Building 6-CLaend: o 100 200 300 500 NORTH 196 Guard Shelter 5-B 302 Micro Devices Laboratory 5-E

/ .Sites i!sod
_ p C'[(:]_'us-e-*e -_ oup_%--a-e t F,T lg7 Solid Propellant Engineering Laboratory 4-E 303 Engineering Support Bufidin9 5-E

' for waste disposal .... " Figure 2-2- __ " SITE PLAN

I Jet Propulsion Laboratory
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Location of JPL within the Monk Hill Subarea of the Raymond Basin.
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The RaymondBasin'sclimateis semiarid,Mediterraneancharacterizedby hot,

dry summers and mild winters with intermittent rain. The long-term average

_. annualprecipitationin the area is 22.5 inches. Approximatelythree-fourths

of the annual precipitation occurs during the months of December through

March. Groundwater levels also fluctuate during the year with lower

elevations usually encountered between 3uly and December and higher

elevationsoccurringbetween3anuaryand 3une.

The groundwatertable below 3PL has been encounteredin monitoringwells at

__ depthsfrom 100 to 240 feet below ground level. The groundwatertable tends

to conform to the surface topography with the predominant groundwater

movement to the south and southeastfrom the foothills toward the Arroyo

Seco Valley. The estimatedhydraulicgradient in this area is between200

feet per mile to 100 feet per mile (Raymond Basin Management Board, 1985).

-- The average transmissivityof the underlyingaquifer ranges from approxi-

mately 50,000 gallonsper day per foot (gpd/ft)in the La Canada Valley to

about 20D,O00 gpd/ft near the Arroyo Seco and Devil's Gate Dam (Raymond

BasinManagementBoard,1985).

The groundwaterbasin is being replenishedby both natural and artificial

recharge. Several groundwaterrecharge basins are located in the Arroyo

_- Seco downstreamfrom the 3PL site. In addition, three City of Pasadena

supply wells and one monitoring well are located within 2,000 feet

downgradientfrom 3PL. These Pasadena City wells have been shut down for

several years due to contamination. The City of Pasadena has previously

conductedwater samplingat thesewells and monitoringwell MH-O1 locatedin

the Arroyo Seco. The analysesof these samples indicatedthe presenceof

small amounts of TCE (trichloroethene), CC14 (carbon tetrachloride), PCE
_- (tetrachloroethene)and 1,2-DCA (1,2-dichloroethane).Since no other major

industrialestablishmentis present near these wells, 3PL's former waste

seepagesites are generallysuspectedas a likelysourceof this groundwater

contamination.The City of Pasadena'sWater Departmentcurrently serves a

populationof approximately150,000people.
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2.3 GEOLOGY

3PL is locatedadjacentto the southwesternedgeof the San GabrielMountains

(seeFigure2-4). The San GabrielMountainstogetherwith the San Bernardino

Mountainsto the east and the Santa Monica Mountainsto the west make up a

major part of the east-west trending Transverse Range province of

California. This provinceis dominatedby east-westtrendingfolds,reverse

faults, and thrust faults indicatinga history dominated by north-south

compressional deformation.

The San Gabriel Mountains are mainly composed of crystalline basement

rocks. These rocks range in age from Precambrianto Tertiary and include

-- various types of diorites,granites,monzonites,and granodioriteswith a

complexhistoryof intrusionand metamorphism. Immediatelynorth of 3PL the

San Gabriel Mountains are comprisedof the Quaternary Pacoima Formation.

This formation is composed of conglomeratic arkosic sandstones of stream

channel and fanglomeraticorigin (Smith, 1986). The color of the Pacoima

Formation is buff or tan where unweathered and ranges from orange to dark

reddish orange where weathered.
J

Periodic tectonic uplift of the San Gabriel Mountains has occurred during

the past 1 to 2 million,years producingthe presenttopographyof the area

(Smith, 1986). Most of this uplift has occurred along north to northeast

dippingreverseand thrustfaults locatedalong the south to southwestedges

-' of the San GabrielMountains. As Figure2-5 shows, the thrust faults near

3PL includethe Mt. LukensFault,the south branch of the San Gabriel Fault,

_- and the 3PL Fault ("bridgefault"). Eastof the Arroyo Seco the south branch

of the San GabrielFault is the primaryrange-frontfault. West of 3PL the

Mt. Lukens thrust fault is the main range-front fault, and across 3PL the

3PL Fault and associated branches is the primary range-front fault. These

faults, along with others along the southern edge of the San Gabriel

_' Mountains,comprisethe SierraMadre Fault system.

t_
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_ The Sierra Madre Fault system separatesthe San Gabriel Mountainsto the

north from the Raymond Basin to the south. The sediments of the Raymond

Basin adjacent to and beneath3PL are the result of alluvial and fluvial

deposition. Currentfluvialdepositioncan be found in the ArroyoSeco where

braided steam-channeldepositsare now located. Older quaternaryalluvial

fan depositsor fanglomeratesare located beneath 3PL. Generally, these

sedimentsare characterizedby poorly sorted, poorly consolidated,coarse

_- grained, brown sands with gravels, cobbles and boulders. The cobbles and

boulders are primarilysubroundedand are up to 3 feet in diameter. The

provenanceof the cobbles and boulders is clearly the San Gabriel Mountain

crystallinebasement complex. The fanglomeratesalso contain significant·

amounts of clay and silt. Bedding is very poorly developed in the

fanglomerateswhere the percentagesof silt, clay, cobbles, and boulders

fluctuatethroughoutthe stratigraphiccolumn. These fanglomeratesreach a

maximum thickness of approximately750 feet near 3PL and the mouth of the

__ Arroyo Seco and then graduallydecreasessouth toward the South Pasadena

area. Figure 2-6 is a contour map on top of the crystalline basement

_ complex near 3PL showing the general dip of the basement to the north-

northeast.

_- During the currentExpandedSite Investigation,Ebasco geologists performed

a reconnaissancesurvey of the surface geology accessible at 3PL. Of

__ particularinterestwere the exposuresof the 3PL Thrust Fault. In 1977

Agbabian Associatescompleted a seismic study of 3PL and mapped the 3PL

Fault. Figure2-7 shows the trace of the 3PL Fault behind Building 150 as

mapped by Agbabian Associates (1977) and as mapped by Converse, et al.

(lg71). After visitingthis area, Ebascoconcludedthat the generalgeometry

of the fault trace more closely resembled that as mapped by Agbabian

Associates. Ebasco could not confirm the locations of the two small normal

faultsas mapped by AgbabianAssociates. The traces of these normalfaults

may have been covered by the thick natural vegetation currently on the

hillside. Ebasco also field checkedand confirmedthe locationof the trace

of the 3PL Fault exposed near Buildings98 and 134 west of the present

bridge across the Arroyo Seco. At this locationthe trace of the 3PL Fault

can be foundat the contactbetweenthe graniticalluvium at the foot of the
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hill behind 3PL and the crystalline basement (diorite at this location) above

it. This contact is not as well exposed as at the previously discussed

location.

The amount of influence,if any, faultson and near 3PL have on the movement

_ of groundwateris not currentlyknown. More detaileddata regardingground-

water elevations adjacent to faults are needed to evaluate the role they

may, or may not, play in groundwatermovement. It is possible the fault

planes present on 2PL do not influence local groundwater movement since

sandy alluvium has apparently been faulted adjacent to similar sandy

alluvium without appreciable fault gouge. Behind Building 150 at the

northern edge of the facility, north of the 2PL Fault, three shallow wells

were drilled for a dewatering well system. Details of this system are

presented in the following section describing previous investigations.

During the drilling of these three wells crystallinebasement rocks were

drilled into at depths from 2 to 20 feet below grade and groundwater was

detectedfrom ground surfaceto 4.5 feet below groundsurface. South of the

3PL Fault,monitoringwell EMW-7 found groundwaterat 236 feet below grade

and never did reach basementafter penetrating270 feet. (See Section3.1

and 4.1 for more details.) It is possible local groundwatermovement is

influencedby the location,depth, and geometry of the basement complex

which is influencedby the faults at 3PL. The shallowgroundwaternorth of

the 3PL Fault may be the result of the shallow basementnorth of the JPL

Fault and may not be related to a potential barrier formed along the JPL

Fault plane. Again, more data on groundwater elevations adjacent to faults

at JPL are needed to accurately determine the influence faults have an local

,.- groundwatermovement.

2.4 PREVIOUS INVESTIGATIONSv_

Numerousinvestigationsfocusingon the geotechnicalnature of the site and

previously identified environmental issues have been conducted at 2PL.
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_ JPL contains many buildings that host various experimental activities. From

1945 to 1960, several open areas or pits were used to dispose of a variety

of solid and liquid wastes. Groundwaterinvestigationsof contamination

identifiedin monitoringand water productionwells have suggestedthat the

_ pits may be the source of groundwater contamination. Geotechnicaland

environmentalstudiesof 3PL and Arroyo Seco have occurred sporadicallyover

the past 14 years and include:

o Agbabian Associates, Ig77

·_ o LeRoyCrandalland Associates,lgS1

o GeotechnicalConsultants,Inc., lgB2

o Richard C. Slade, 1984

o James M. Montgomery, 1986

o EbascoServices,Inc., 1988

o GeotechnicalConsultants,lg8g

The following discussionsbriefly summarize the results of each of these

studi es.

L_

AgbabianAssociates1977

A three part seismic study of JPL conducted by Agbabian Associates was

completed for JPL in 1977.

Part I, A Study of Seismic Criteria for the Jet Propulsion Laboratory

Facilities, provided a state-of-the-art reappraisal of the seismic input

criteria developedin 1972 for evaluatingthe earthquakeresistanceof JPL

facilities. This report also provided a reevaluationof the JPL Thrust

Fault, updated data on seismicity, and summarized recent subsurface

investigationsconductedat the site.

Part II, SupplementalGeologic Studies for the ,letPropulsion Laboratory

Facilities,provided additionalgeological studies recommendedin Part I,

which included new trenching to locate materials suitable for dating the

most recent activity along the JPL fault.
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_ Part III, Implicationsof Fault Hazard for the Jet PropulsionLaboratory
Master Plan, discussed recommendations for the use of existing facilities

and the development of land within a zone of potential earthquake ground

breakage on the property.

keRoyCrandalland Associates,1981

In lgB1, LeRoy Crandall and Associates performed an evaluation of a

dewateringsystem constructedfor JPL aroundBuilding150. Water wells were

installedunder contractto JPL by Barney'sHole Digging Service, Inc. and

were logged by a Crandall field geologist.

The dewateringsystemconsistedof one 12-inchdiameter,60-footdeep pumping

well and two 4-inch diameter 40-feet deep observation wells set 40 feet and

80 feet, respectively,away from the pumpingwell.

Based on a performancerecord of about three months,the systemappearedto

be removingsignificantquantitiesof water north of the building;however,

ir the entire area had not been dewateredas indicatedby water levels in the

observationwells. The water level in ObservationWell No. l, at a distance

of 40 feet, had declined three feet during this period of time, and the

_- water level in ObservationHell No. 2, at 80 feet, had declined less than

0.5 feet.

Recommendationsmade by Crandall included modifying the operationof the

pumping well to increase its area of influence and converting the observation

wellsintopumpingwells.

-- GeotechnicalConsultants,Inc., 1982

In 1982, Richard Slade of GeotechnicalConsultants,Inc. (GTC) conducteda
t_

preliminary hydrologic assessment of potential volatile organic contamination

in the groundwater in the Arroyo Seco for the City of Pasadena. This

investigationinvolved the installationof a groundwatermonitoring well,

groundwater sampling and chemical analysis of water samples. A final report
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of this investigation was not submitted to the City of Pasadena because the

appropriated budget had been exceeded before the project was completed.

Ebasco obtained information on this investigation from a City of Pasadena

Hater and Power Department open file.

The GTC investigation included the drilling of a monitoring well, labeled

MH-01 to a depth of 399 feet. MH-O1is located in Arroyo Seco approximately

half way between Pasadena'sexistingArroyo Hell 25 and JPL Building 103.

It was believed that a source of the volatile organics contaminationin

_ ArroyoHell 25 was a formerdisposalpit locatednear JPL Building 103. A

g-7/8-inchboring was cased to a depth of 366 feet with 6-inch PVC blank

casing and 6-inch slotted PVC casing. The well was screened at nine

differentintervalsbetweenthe depths of 145 feet and 355 feet (withoutany

means of hydraulicseparationbetween the screened intervals). A sandpacg

_ was placed from 366 feet to approximately100 feet below ground levelwhich

hydraulicallyconnectedall screenedintervalsin thiswell.

Standard decontamination procedures were employed to minimize well

i contamination from well construction materials, drilling and sampling

equipment. Soil and groundwater samples were collected from different

depths in the boring and the well, respectively. Water samples were

_ collected using syringes and by pumping. Samples were analyzed by

Montgomery Laboratoriesfor volatile organics, trihalomethanes/synthetic

_ organics,pesticides,PCBs and herbicides. Chemical analyses of the water

samples detectedconcentrationsof carbon tetrachlorideCCC14), trichloro-
ethene (TCE) and tetrachloroethene(PCE) above drinking water standards.

Concentrationsof CC14, TCE and PCE ranged from non-detected(ND) to
17 ppb, ND to 59 ppb and O.1 to 2.5 ppb, respectively.

Ri chard C. S1ade, 1g84

A preliminaryhydrogeologicassessmentof soils and groundwatermonitoring

at JPL was preparedby R. C. Slade in 1984. The purposeof this reportwas

to provideJPL with a preliminaryhydrogeologicassessmentof quantitative

results of laboratoryanalysesof soil and water samples collectedon or

near JPL.
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This investigationinvolved subsurfaceexplorationat two abandonedwaste

_- seepage pits at 3PL and groundwatermonitoring at the City of Pasadena

monitoringwell MH-O1. The pits investigatedare located southwest of

Building59 and southwestof the now-destroyedBuilding65. Both buildings

were historicallyused for chemistryexperiments.

Exploration of these former seepage pits consisted of digging several

_- trenchesat each site, loggingthe trenchesand collectingin-situand bulk

samplesfor laboratoryanalysis. The trenches were excavated using a two

foot wide backhoeand ranged in depth between8 and 13 feet. None of the

trenches were excavated to the bottom of the pits. Soil samples were

collectedfrom depths ranging from one to 9-1/2 feet. Soil samples were

analyzed for CC14, TCE, PCE, 1,1,1,TCA, priority pollutant metals,
chromium,fluoride,and pH.

The groundwatermonitoringincludedcollectingsyringesamples from the nine

differentscreened intervalsin MH-O1. It was noted that the well was not

purged before sampling. Laboratory water quality tests conducted on each of

these samples included heavy metals, fluoride, cyanide, hexane, TCE, PCE,

CCl4 and 1,1,1£TCA.

-_ Laboratoryanalysesof soil samplescollectedfrom the trenchesdetectedno

volatile organic compounds. One possible anomaly in the heavy metal

_ analysiswas a Pb value of 200 ppm in one trench at a depth of seven feet.

The source of this lead was not determined.

Laboratoryresultsof water samplesfrom MH-O1 indicatedheavy metals concen-

trationsbelow maximumconcentrationlevels(MCLs) except for mercury in the

_ samplefrom the 182 foot depth. Fluoridewas below its MCL exceptat sample

depthsof 234 feet and 265 feet (13 and 14 mg/1 respectively). Cyanidewas

found to be below its MCL for all samplestested. Hexaneand 1,1,1-TCAwas

not detectedin any of the samples. PCE was found in all samplesand ranged

in concentrationfrom 0.2 to 0.7 ug/1. TCE and CC14 was found only at
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_._ depths below 265 feet. TCE and CC14 concentrations ranged from 1.3 and
0.2 ug/1 to 7.5 and 2.4 ug/1, respectively.

3amesM. Montgomery, 1986

During 1986, 3ames M. Montgomery conducted an evaluation of contaminant

transport of volatile organic compound (VOC) contamination of the groundwater

_- in the area of ArroyoSeco for the City of Pasadena. The objectivesof this

evaluationwere to:

o Estimatethe locationof the sourceof contamination;

o Estimatethe rate and directionof contaminantplume movement;and

o Estimatethe maximum expected contaminantlevels (MECs) that might

be anticipatedat the contaminatedwells.

Montgomery relied upon previous data collected either by the City of

PasadenaWater and Power Departmentor by the RegionalWater QualityControl

Board. Their analyses and evaluationsrelied upon many assumptions and

limiteddata.

The conclusionsand recommendationsmade were that contaminationto the City

of PasadenaArroyo Well appearedto originatefrom a source located north-

northwest of the well. Based on review of historical data and parameter

estimation,the contaminationwas from a source that originatedwithin this

centuryand was locatedlessthan 5000 feet from the ArroyoWell.

To permit accuratepredictionsof MECs, the locationsof contaminantsources

and a detailedunderstandingof the subsurfacehydrogeologywas needed. This

informationwas not availableto Montgomery for their study and therefore

MEC predictions were based on limited information and several assumptions.

The predictionssuggestedthat MECs of about 170 ug/1 could be expectedat

the City of PasadenaArroyo Well providingcurrent trends continued. They

noted, however,that dependingupon the preciselocationand strengthof the

contaminant source, higher concentrations could be observed.
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Review of pumping records from water production wells in or near Arroyo Seco,

together with rainfall suggested that pumping of the Arroyo Hell was perhaps

_ preventing contaminant migration to the south and southeast.

Informationavailableto Montgomerysuggestedthat JPL was the likelysource

for the contaminationat LincolnAvenueHater CompanyWells No. 3 and No. 5.

Montgomery estimated that the summed concentrations of VOCs could increase

-- to about 150 ug/l in these wells. Again it was stressedthat analyseswere

based on limiteddata and numerousassumptions. It was also suggestedthat

all public water wells within a two-mile radius of the Arroyo Well be

monitored for VOCs at least quarterly.

-- EbascoServices,Inc., 1988

,_ A PreliminaryAssessment(PA) and a Site Inspection(SI) as mandatedby the

EPA was performedat JPL by Ebasco in 1988. The report included summaries

outlining areas of concern and recommendations for further studies. The

PA/SI reportedon abandonedwaste seepage pits, past chemical spills,and

t nearby municipalwater wells. A preliminaryHazardousRankingSystem score

'- was computedfor ,1PLfollowingcompletionof the SI investigation.

,__ The PA/SI report identifiedsix pits or old waste disposal sites on and

adjacent to JPL property (Figure 2-8). The pits ranged from 15 to 30 feet

wide by 15 to 30 feet deep and were used between 1945 and lg60 for disposal

of municipal wastes and solid and liquid hazardouswastes. Three of the

pits were investigated to a depth of ll feet by R. C. Slade in 1984. Lead

_- in concentrationsup to 200 ppm was found in one of these pits but no other

contaminants were found above background concentrations. Below is a summary

_- of each of the pits or sites:

o SeepagePit #1 near Building#103 (see Figure 2-8 #1). The site was

locatedoutsideof the 3PL fence in the Arroya Seco dry wash, at the

southeastcorner of the lab. This site was approximately15 feet

_- wide by 15 feet deep, and was used primarilyfor disposalof municipal

solid wastes. However, according to _PL personnel, chemical wastes

were also disposed,includingsolvents,freon, mercury, solid rocket

fuel propellants, cooling tower chemicals, and sulfuric acid. None
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__j of the wastes were disposed in containers except for the mercury

which was in small flasks. No sampling of this pit had been

conductedprior to this study to verify types or currentdepths of

contamination.

o SeepagePit #2 near the south parkinglot (see Figure 2-8 #Z). This

site was located east of the SouthernCalifornia Edison substation

and south of Building#300. This pit was approximately30 feet wide

and 15 feet deep. The pit is believed to be under the existing

_. parkinglot. Wastes disposed at this pit were similar to those at

Pit #1. The site was also used for burningdebris, and for disposal

of fluorescent lights and waste magnesium. No sampling of this pit

had been conducted prior to this study to verify types or current

depths of waste.

o SeepagePit #3 near Building#117 (see Figure 2-8 #3). This disposal

_ pit was locatedjust northwestof two currentday bunkers#140 and

#141, used for storing propellants. The pit was approximately30

feet deep, and was used primarilyfor the disposalof propellantsand

mixed solvents. No sampling of this pit had been conducted prior to

this study. Seepage pits #1, #2, and #3 received chemicalwastes

over the period 1954-1958accordingto JPL personnel.

_ o SeepagePit #4 near Building303 and former Building 59 (see Figure

2-8). This pit was used exclusivelyfor disposal of chemistrylab

wastes. This pit location was investigated down to a depth of ll

feet in 1984 by R.C. Slade (Slade, 1984). Lead concentrationsup to

200 ppm were found. No other contaminationswere found.

o SeepagePit #5 near Building302 and former Building 65 (see Figure

_ 2-8). This pit was also used exclusivelyfor disposalof chemistry

lab wastes. R.C. Slade also investigatedthis pit and did not find

any contaminants down to the ll foot level.

o SeepagePit #6 near Building97 (see Figure2-B). This was the former

site of a chemistry lab that used this pit for disposal of lab wastes.

R.C. Slade investigatedthis pit to ll feet and no contaminantsabove
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normal levelswere found (Slade,1984). Dispoalin Pits #4, #5, and

#6 occurredduringthe approximateperiodof 1941-1960.

Accordingto 3PL personnel,waste solventswere also historicallydeposited

onto soils near chemical storage building 187. No soil samplinghad been

conducted prior to this study in this area to confirm potential

contamination.

In 1980,testingof three City of Pasadenawater wellslocated 1000 feet down

__ gradient from JPL indicated concentrationsof TCE, PCE, and CCl4 above
drinkingwater standards. In 1982, GeotechnicalConsultants,Inc. installed

a monitoringwell (MH-OI)about half the distance between the three City
e_

productionwells and 3PL. This well showedcontaminationlevelshigherthan

those in the City wells and GeotechnicalConsultantsconcludedthat past JPL

(and U.S. Army) activities probably contributed to the groundwater contamina-

tion. In a study conductedby 3. M. Montgomeryin 1986, treatmentalterna-

tives were evaluated which led to the installation of a pilot treatment

plant at one of the contaminated City wells.

J

The resultingoverallHRS scorepreparedby Ebascofor 3PL was 38.3 which is

well above the 28.5 criteria required for a site to be consideredfor the

NationalPrioritiesList (NPL).

GeotechnicalConsultants, 1989

An evaluation of groundwater quality upgradient of 3PL was prepared by

GeotechnicalConsultantsunder an U.S. Army Corps of Engineerscontractin

lgB9. The purpose of this investigationwas to install two groundwater

monitoring wells upgradient and outside the influence of 3PL facility

activities. These wells were sampled where possible and water quality

analyseswere performedto begin to establishbackgroundwater qualitydata.

Monitoring well CMH-1 was located just off the northeast corner of 8PL

propertyand the second monitoringwell CMW-2 was located in the southwest

corner of 3PL property. These four-inch PVC cased wells were completed to

depths of 162 feet and 179 feet, respectively. The lower 99 feet of CMW-1
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and the lower 79 feet of CMH-2 were screenedbased on interpretationsfrom

electriclogs.

Water qualitysamplingwas performedin CM_-l and in an existingdowngradient

City of Pasadena monitoring well, MH-O1. Monitoring well CMW-2 was not

drilled deep enough to reach groundwaterdue to contractual limitations.

Hater samples obtained from CMW-1 and MH-O1 were tested for volatile and

_'_ semivolatile organics, total petroleum hydrocarbons, five target metals, pH

and total dissolvedsolids. Laboratorytest resultsrevealedno evidenceof

organic contaminationand/or elevated levels of the five target metals

analyzed.

The report concludedthat CMH-1 was a legitimateupgradientsamplingpoint

to monitor groundwater along the Arroyo Seco and that there is no immediate

_~ evidence of groundwatercontaminationeither enteringthe northeastpart of

the study area along the Arroyo Seco or existing within the downgradient

well, MH-O1. Due to the configurationof facilitiesat JPL, well CMH-1 does

not provide a complete evaluation of background groundwater conditions

_ across the entire site. It was recommendedthat an additionalupgradient

monitoring well be installed along the north side of the facility to

interceptshallowsubsurfaceinflowfrom the adjacenthillside.

3961E 2-15



__- 3.0 EXPANDEDSITE INSPECTIONMETHODS

Field investigationsat 3PL were designedto furtherdelineatethe presence

of groundwatercontaminationand the location of soil contaminantsusing

soil gas. Groundwatermonitoringwells were locatedto gain informationon

groundwaternear the former waste disposalsites. The major componentsof

this programare as follows:

o Design and install2 deep groundwatermonitoringwells to granitic

basement equipped with a multiport casing system that allows

simultaneousmonitoringof 5 individualzones of the aquifer;

o Design and install 3 shallow groundwater wells to monitor the top of

the groundwater;

o Installsoil gas collectorsaround the areas formerlyused for waste

disposal;

s_

o Measurewater levels;collectgroundwaterand soil gas samples;

o Analyzegroundwaterand soil gas samplesin the laboratory;

o Use water level measurementsto identify the groundwatergradient

and direction of flow; and

o Evaluate laboratory results to outline the nature and extent of

groundwaterand soil gas contamination.

The followingsectionsdescribethe specificmethodologiesused during this

workin moredetail.

3.1 DESIGNAND INSTALLATIONOF GROUNDWATERMONITORINGWELLS

Of the eight groundwater monitoring wells currently on or near 3PL, five of

them were drilled during this investigation. These five include EMN-3,

EHN-4,EMW-5, EMW-6, and EMW-7. Figure 3-1 shows the relativepositionsof
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the monitoring wells with respect to 3PL's facilities. Monitoringwells

CMW-1 and CMW-2 were installed by the Army Corps of Engineers in 1989, and

monitoring well MH-O1 was installed by GeotechnicalConsultants,Inc. in

1982. For more information regarding CMW-1, CMW-2, and MH-O1 see Section

2.4 of this report concerning Previous Investigations.

3.1.1 Drilling Methods

Of the five monitoring wells drilled during this investigation, two of them,

EMW-3 and EMW-4, were drilled to crystalline basement rock. The other three

monitoringwells, EMW-5 throughEMW-7, are "shallow"and were drilledto the

top of the aquifer. Table 3-1 summarizes the drilling specifications for

_ eachwelI.

_- On January 9, 1990 Beylik Drilling,the drillingsubcontractor,riggedup an

IngersollRand THIO0 mud rotary drill rig at EMW-3. A 15-3/4-inchpilot

hole was drilled to 22 feet into which 22 feet of 10-inch diameter low

carbon steel conductorcasingwas cemented. A 9-7/8-inchtri-cone bit was

rl _ then used to drill to a total depth of 730 feet. During all drilling

'_ operationsthe cuttingswere routinelychecked for organic vapors with an

organic vapor analyzer (OVA) for health and safety purposes. No readings

_- above background were detected on the OVA during drilling. Granitic

basementrock was encounteredat approximately720 feet. Drillingcontinued

below 720 feet to verify basementhad been reached. During drilling a pure

bentonitedrillingmud and an environmentalhydrocarbon-freepipe dope were

used. The water used in making the drillingmud came from the fire hydrant

system at JPL. The results of volatileorganic analyses (EPA Method 624)

completed on this water supply are in Appendix G and are discussed in

Section 4.2. A directionalsurvey was completed approximatelyevery 140

feet duringdrilling. Near the total depth of EMW-3, at 680 feet, the angle

of the boringwas 1.5 degreesfrom vertical.

While drilling, the drilling mud was circulated over a screened shaker

assemblyand then througha de-sanderto segregatethe drill cuttings from

the drilling mud. The drill cuttings were then collected in a plastic lined

roll-offbin adjacentto the mud pits. Samplesof the drill cuttings were

collectedafter drilling began below the conductorcasing and after every
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TABLE 3-1

Groundwater Monltoring Well Drtlllng Speciflcations

Total Drilling
Drilling Drilled Hole Surface Date Date

Well Locatton Method Depth Diameter Conductor Started Completed

EMH-3 Arroyo Seco Mud Rotary 730' 9 7/8" 22'; lO" dia. 1-11-90 1-24-90

EMH-4 JPL South Parking Lot Mud Rotary 605' 12 1/4" 18.5'; 16" dia. 1-31-90 2-6-90

EMW-5 JPL South ParkingLot Percussion 145' ll" None 2-12-90 2-13-90

Hammer

EMW-6 JPL West ParkingLot Percussion 247' 11" None 2-15-90 2-24-90

Hammer

EMW-7 $PL ParkingLot Near Percussion 270' 11" None 2-28-90 3-5-90

Bidgs. #288 and 290 Hammer
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100 feet of drilling. Immediately after the drill cuttings were circulated
¼. r

out of the hole they were placed in 500 ml glass jars, labeled, and placed

in a cooler with ice. A chain-of-custody form was completed and the samples

sent to Curtis and Tompkins, Inc. a California Certified laboratory.

'_ Upon completion of drilling the individual samples of cuttings were

compositedand the compositeanalyzed to determine the proper method of

...... disposal for the cuttings. The composite was analyzed for volatile and

semivolatileorganics (EPA Methods B240 and 8270), Title 22 metals plus

strontium, pesticides and PCBs (EPA method 8080), total petroleum

hydrocarbons(EPA method 418.1), and cyanide (EPA method 9010). The

laboratoryresultsare includedin AppendixD and indicatethe cuttingsare

'_ not hazardous. The drill cuttingswere depositedat JPL near a pistolrange

alongMesa Road behindJPL's main facilities.

Beylik Drilling then mobilized a Port-a-Drill TKT mud rotary drill rig and

riggedup at EMW-4. An 18-1/2-inchpilot hole was drilledto 18.5 feet into

which 18.5 feet of 16-inchdiameter low carbon steel conductorcasing was

cemented. A 12-1/4-inchtri-cone bit was then used to drill to a total
J

-_ depth of 605 feet. During drillingthe cuttingswere routinelycheckedfor

organic vapors with an Organic Vapor Analyzer (OVA) for health and safety

purposes. No readings above background were detected on the OVA during

drilling. Basementtype graniticrock was drilledinto at 556 feet. Due to

a significantamount of apparent slough material and weathered basementt _

being circulatedout of the hole, drillingcontinuedwell below 556 feet to

verifybasementtype rock had been reached.

Duringthe drillingoperationsa pure bentonitedrillingmud with Drispac,a

_ water-loss inhibitor, was used. As with EMW-3, hydrocarbon free pipe dope

was used, the water to make the drilling mud came from the fire hydrant

systemat JPL (see Section4.2), directionalsurveyswere run approximately

every 140 feet during drilling(at 605 feet hole angle was 3 degrees from

vertical), the drill cuttings were collectedin a plastic lined roll-off

bin, and samplesof drill cuttingswere collectedwhen drillingbegan below

the conductor casing and after every 100 feet of drilling. The sample

collection, documentation, labeling, transportation, compositing, and
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laboratory analyses were identical to those outlined above for EMW-3 The

laboratory results are included in Appendix D and indicate the drill

cuttings from EMW-4 are not hazardous. The drill cuttings were then

depositedat SPL at the samelocationthe cuttingsfrom EMW-3were deposited.

The three shallowmonitoringwells, EMH-5 throughEMW-7,were drilledusing

a Becket percussionhammer rig utilizingdual-walldrive pipe and reversed

'_ air circulation. The dual wall drive pipe was comprised of an ll inch

diameter outer tube and a g inch diameter inner tube. The dual-wall drive

_. pipe was driven to depths of 145 feet, 247 feet, and 270 feet at wells

EMW-5,EMW-6, and EMW-7 respectively.Graniticboulderswere encounteredat

2lB feet at EMN-6 and at 242 feet at EMH-7 severely inhibitingpenetration

with the percussion hammer. To drill through these boulders an air rotary

systemwas boltedto the derrickof the hammerrig and a 7-7/8-inchdiameter

_ rtl-cone bit was run through the dual wall drive pipe. A pilot hole was

then drilled in the granitic boulders before the dual-wall drive pipe was

driven any further.

Duringdrillingof the shallowwells the drill cuttingswere circulatedout

of the hole and into a roll-off bin through a cyclone device. The cuttings

were routinelycheckedfor organicvaporswith an OVA for healthand safety

_- purposes. No readings above backgroundwere detected on the OVA during

drilling. Occasionally enough dust would be created while drilling to

__ justifyinjectingsmall amountsof water obtained from the JPL fire hydrant

system(see Section4.2) intothe rig's air circulatingsystem.

_ Samplesof drill cuttingswere collectedfrom just below the ground surface

and after every 50 feet of drilling. Immediatelyafter the drill cuttings

_- were circulated out of the hole they were placed in 500 ml glass jars,

labeled, and placed in a cooler with ice. A chain-of-custodyform was

completed and the samples sent to Curtis & Tompkins, a state certified

laboratory. After the holes were drilled, the individual samples of

cuttings from each well were composited and the composite analyzed to

determine the proper method of disposal for the cuttings. As with the

previouswells, the compositeswere analyzed for volatileand semivolatile

organics (EPA Methods B240 and B270), Title 22 metals plus strontium,
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pesticides and PCBs (EPA Method 8080), total petroleum hydrocarbons (EPA

Method 418.1), and cyanide (EPA method 9010).

The laboratory results are included in Appendix D and indicate the cuttings

from EHW-5 and EMH-6 were not hazardous. The drill cuttings from these

'_' wells were then deposited with the rest of the cuttings near the pistol

range along Mesa Road behind JPL's main facilities. The composite sample of

the drill cuttings from EMW-7 contained 440 mg/kg of Total Petroleum

Hydrocarbons(TPH).

Four additional samples of the cuttings from EMW-7 were then collected,

compositedand analyzed to confirm the presence of TPH in the cuttings.

_ Analyses of the second composite confirmed the presence of TPH with a

concentrationof 176 mg/kg. The cuttings from EMW-7 were then properly

_ disposedof offsiteby JPL personnel.

3.1.2 DeepHell Designand Construction

The design and constructionof the deep monitoringwells, EMW-3 and EMW-4,
J

were in accordancewith the general guidelines for monitoring well installa-

tion as describedin the JPL Sampling Plan and DrillingBid Specification.

Monitoringwells EMW-3 and EMW-4were designedto sample 5 separatezones of

the aquifer near and below JPL. This was accomplishedwith a multi-port

casingdesignsysteminstalledby WestbayInstrumentsLtd., a subcontractor.

The deepwell installationprocedureis describedbelow.

_ Immediatelyafter the deep wells were drilled, Welenco Incorporatedwas

subcontracted to run an electric log and a gamma-guard log in each open

hole. In additionto these wirelinegeophysicallogs,a caliperlog was run

in EMW-3 and a sonic/variabledensitywaveformlog was run in EMW-4. Copies

of these logs can be found in AppendixH. The caliperlog was run in EMW-3

to determineif the hole needed to be reamedbefore casing was placed into

the hole. The decisionwas made to ream the hole based on what appearedto

-- be a 4-6 foot sloughing clay zone at 500 feet below the surface. The

sonic/variabledensity waveform log was run in EMW-4 to determine if it

could detect the water table. Along with the electric log and gamma-guard
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log, the sonic/variabledensity waveform log could not reliablydetect the

water table.

The wirelinegeophysicallogs were used to select the 5 screened intervals

in each deep well. The electriclog measuredthe spontaneouspotential(SP)

and the shallowformationresistivityof the sedimentsin the boreholeand

the gamma-guard log recorded the natural gamma radiation and deep formation

_ resistivity.These logs,along with the field boring logs, defineddownhole

lithologiesand allowed well screensto be accuratelyplaced next to the

sandiestor most permeablesectionsof the boring. As mentionedin Section

2.3.2, the geological environment around JPL is dominated by granitic

boulders and sand. In this environment the resistivity curves most

accuratelyreflectdownhole lithologies. The sectionsof the boreholewith

the best water-yielding capabilities have the highest electrical resisitivi-

_ ties. The characterof the SP log was subdueddue to the fact that fresh

water drilling muds were used in a fresh water aquifer. The amount of

natural gamma radiationrecordedwas the result of both the amount of clay

present(high potassiumcontent)and the amount of graniticmaterialpresent

(high potassium feldspar and biotite content) rendering lithology

determinationsfrom the naturalgamma ray log at times unreliable.

The sandiest,and most permeableinterval in the borehole approximately30

to 50 feet below the staticwater level was chosen for the locationof the

uppermostscreen in each well. The uppermostwell screen was placed below

the current water table to allow for seasonal water level fluctuations. The

other four well screensin each deep well were initiallylocated by evenly

spacing them throughout the remaining aquifer. After evaluating the

wireline geophysical logs and the field boring log the remaining screen

_ locations were adjusted so that sections of the aquifer that were the

sandiest,or had the best water-yieldingcapabilities,would be monitored.

After decidingwhere the well screens should be placed, the depths of the

various sand packs and bentonite seals were determined. A 2-3/8-inch

diameter tremie pipe was run into each hole followed by the well casing.

The well casing consistedof 4-inch diameter low carbon blank and 4-inch

diameter304 stainlesssteel,wire wrap, well screen. Before each joint of
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_ casing was run into the boring it was steam cleaned and measured. Some

sections of blank casing were cut to specified lengths for the well screens

-- to be placed at the predetermined depths. As each joint of casing was run

into the boring it was welded to the preceding joint. Where stainless steel

was welded to low carbon steel a stainless steel welding rod was used.

Centralizers were welded onto the casing immediately above the bottom cap

and within I to 4 feet from the bottom of each well screen. Figure 3-2

_ shows the typical design of the deep monitoring wells. The details of

screen intervals in the deep wells are on the Boring Log Forms in Appendix A.

The slot size of the well screens were determined from the results of two

sieve analyses. Curtis and Tompkins, the subcontracted analytical labora-

tory, performed standard sieve analyses on drill cuttings collected at EMW-3
from the intervals 140 to 160 feet and 160 to 180 feet. The results of these

.... sieve analyses are in Appendix F. Graphs of grain size versus cumulative

percent material retained were produced from the sieve analyses results.

These graphs are also in Appendix F. Followinga procedureoutlined in

Driscoll (lg86),the 70 percentretainedsize of the sedimentwas multiplied

by a factor of 6 to lO and replotted. A new curve with a uniformity

coefficientof approximately2.5 was drawn throughthis new point. A screen

that would retain go percent of all sediment in the aquifer is desired. The

_ new curveson the graphs indicateda .O10-inchslot size would best fit the

physical characteristics of the aquifer.

After the casing was landed,the bentonitesealsand sand packs were tremied

intoplace. A grout pump was connectedto the tremie pipe. The grout pump

was used to circulatethe drilling fluid through the tremie pipe and pump

the backfillmaterialsinto the boring. A large hopper was placed above the

_ grout pump that fed the requiredbackfillmaterialsinto the pump. When a

sand pack was needed,clean, kiln dried, #2/12 Lonestar sand was put into

,_ the hopper and circulatedthrough the tremie into the boring. The sand

would fall into positionwhile the fluid in the hole circulatedout. If a

bentoniteseal was required,a 1 to 1 mixtureof pure bentonitegranulesand

clean,kiln dried,#3 Lonestarsand was placed in the hopper and circulated

into the boring. The sandmixed into the bentoniteseals will not compromise

the integrityof the seals. The sand is used to give the bentonitesome
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_ "body" so depth measurements on the bentonite seals could be obtained and to
help the bentonite granules to fall into place. Throughout the backfilling

procedurethe drillingmud was continuouslybeing diluted. The progressof

the backfillingwas carefullymonitored with frequent depth measurements.

Depth readingson the backfillmaterialwere obtainedby loweringa weighted

cable attachedto a depth meter throughthe tremie pipe. The detailson the

depths of the varioussand packs and bentoniteseals are on the Boring Log

_- Forms in AppendixA.

In each deep well the top of the last bentoniteseal is at 98 feet below

ground level. From 98 feet to just below the ground surfacevolclaygrout

was used to backfillthe well. The volclaywas mixed in large troughs and

_r then pumped throughthe tremie into the well. After at least 8 hours the

volclaygroutwould be hard enoughto concreteinto place a lockingmonument

_ cover and trafficbox. EMW-3 is locatedin the Arroyo Seco on a dirt road

and insteadof a trafficbox, a 4 x 4 foot cement pad with a steel post at

each corner was installed around a locking monument cover that extends

approximately2-1/Z feet above groundlevel.

_ 3.1.3 Installationof MultiportCasinoSystem in Deep MonitoringWells

_- The multiport(MP) casing system is a productof Westbay Instruments,Ltd.,

Vancouver,British Columbia. The MP system is a modular, multiple-level

groundwatermonitoringdevice installedinside the 4 inch steel casing that

employs a single closed tube with valved ports (Black,et al., 19B6). The

valved ports allow access to differentlevels in a single well casing. In

_ each deep well, EMW-3 and EMW-4, there are 5 separate screened intervals

that are accessed with the MP system. Before the MP casing was installed,

_- the wells were developedby eeylik Drilling. Completedevelopmentdetails

concerning the deep monitoring wells are described in Section 3.2.1.

The MP system consistsof various casing componentswhich are permanently

installed in the well. The casing components include blank l_-inch

_ diameterschedule80 PVC casing,regularPVC couplingsthat connectvarious

casingcomponenttogether,PVC measurementport couplingsthat allow pressure

measurementsand water samplesto be collected,PVC pumping port couplings
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_ that allow well purgingor hydraulicconductivitytesting of the aquifer,

and nitrile rubber inflatable packers that seal the annulus between

_ monitoringor screenedzones.

Before the MP system was installedin each deep well, the componentswere

laid out in accordancewith a casing installationlog (AppendixB). This

installationlog was used to accuratelyplace the packers and measurement

-- ports at the correct levels. The MP casing string was then assembled by

lowering the casing segments into the 4-inch steel casing by hand and

attachingeach successivesegment to the adjacent coupling one at a time.

Each joint was pressuretested beforeit was run into the hole to verifythe

integrityof the systemduringinstallation. To pressure test each joint of

casing,a probe with 2 small packerswas loweredinto the casingso that the

packers were located on each side of the joint. The packers were then

-_ inflatedand water was injectedunder pressureinto the casing oppositethe

joint. If the joint did not leak, it was loweredinto the well.

Each MP casingcomponentwas scrubbedwith TSP prior to arrivingat the site.

Once the MP casinghad been placed in each well, the packerswere inflated.

The packers were inflated with water, one at a time beginningwith the

bottom most packer, through a packer inflationtool. Figure 3-3 shows a

typical MP system installation. Details concerning the specific locati°ns

of the various casing components in each deep well are in Appendix B.

After installationof the MP casing several QA/QC checks were performed.

These checks included an initial pressure profile to confirm the operation

of the measurementports, and observinghead differencesacross the packers

to confirmthe packershad sealedthe annulus. The details of these QA/QC

checksare also locatedin AppendixB.

3.l.4 ShallowWell Design and Construction

The design and constructionof the shallowmonitoringwells, EMW-5 through

EMW-7, were in accordancewith the general guidelines for monitoringwell

installationas describedin the 3PL samplingplan. These monitoringwells

_ were designedto samplethe uppermostpart of the aquiferbelow 3PL.
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.... / The three shallow monitoring wells, EMW-5, EMH-6, and EMW-7, were completed

at the water table at depths of 145 feet, 245 feet and 270 feet

, respectfully.This allowedfor a 50 foot screen,with approximately15 feet

above the saturatedzone and 35 feet below. The purposeof this designwas

to allow for the samplingof any possiblefree-floatingcontaminantson top

of the water table, as well as dissolved-phasecontaminantsbelow the water

table and to obtain groundwater elevation information.

The installationof the shallowmonitoringwells was conductedin accordance

with the followinggeneralprocedure:

o Well depths were set by the rig geologistbased on the locationof

the water table at the particular boring;

_ o Each well was drilledwith a percussionhammer rig utilizingdual

wall drive pipe and reversed air circulation. Section 3.1.2

describesthe drillingmethod in detail;

o After each well was drilled,WelencoInc. was subcontractedto run a

gamma ray/neutronlog in each well. For the log to be run the dual

wall drive pipe used to drill the well was filled with water from

OPL's fire hydrant system. Volatileorganic analyticalresultsof

this water are presented in Appendix G and discussed in Section 4.2;

o Fifty (50) feet by 4-inch diameter,304 stainlesssteel wire wrap

well screen with .OlO-inchslots and a bottom cap was loweredinto

each hole through the middle of the dual wall drive pipe. The well

screen was followed by 20 feet of 4-inch diameter 304 stainless

steel blank casing which was followedby 4-inch diameter low carbon

steel blank casing. Before each joint of casing was run into the

boring it was steam cleanedand measured. As each joint of casing

was lowered it was welded tothe precedingjoint. Where stainless

steel was welded to low carbon steel a stainlesssteel welding rod

was used. Figure 3-4 shows the typical design of the shallow

monitoringwells. The detailsof the shallowwell constructionare

on the Boring Log Forms in Appendix A;
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_, o The dual wall drive pipe was removed from the borehole one section
at a time to keep the formation from caving as backfill materials

_ are added;

o The annularspace betweenthe steel casing and the boring wall was

backfilledfrom the bottomof the well to at least l0 feet above the

top of the well screenwith clean,kiln dried,#2/12 Lonestar sand.

_ A five foot sectionof bentoniteseal was placed on the sand, and

the remainingannular space was backfilledwith volclaygrout. The

backfillingprocedurewas carefullymonitored with frequent depth

measurements;

o A lockingmonumentcover and a steel and concrete traffic box were

installedat each well. Ready mix concretewas used to secure the

_ monumentcover and trafficbox in place; and

o The traffic box at each well was set lust above grade in such a way

as to directsurfacerunoffaway from the casing.

3.2 GROUNDWATER SAMPLING PROCEDURES

Prior to collectinggroundwatersamples,all five monitoringwells installed

by Ebasco were developedusing several methods. The objectives of well

developmentwere l) to promotesettlingof the sand packs adjacentto each

screenedinterval,and 2) to removeany fluids or mobile sedimentsthat were

introduced during drilling or well installation so that a representative

'-_ groundwatersamplecould be obtained.

-_ In general, water was pumped from each screened zone of the wells until

physical and chemical parameters stabilized and until at least 3-5 well

volumes were removed. Physical parametersmeasured were total dissolved

solids (TDS), suspendedsolids (usingImhoff Cones),a visual estimationof

water clarity, and temperature. Chemical parametersmeasured were pH and

electricalconductivity. Parameterswere measured and recordedat 15 minute

intervals during well development from the water discharge pipe or tubing.

Water levels were recorded before and after each stage of development to
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evaluatewater table draw-down. Developmentwater was stored in portable

storage tanks.

The first step in developingall the wellswas to swab each screenedinterval

from 1/2 to 1 hour by loweringand raisinga heavy rubber disc attachedto a

steel rod and cable. The purposeof swabbingwas to inducesettlingof the

sand pack adjacent to each screened interval. Following swabbing, the

heavy, sediment-richfluid from the lower portionsof each well was removed

by bailing. To accomplish this, Beylik Drilling, used 10' or 20' long

bottom-fillingbailers, with capacitiesof 4 to 6 gallons, respectively.

The remainingdevelopmentprocedureswere specific to each well design and

are described in subsequent sections.

3.2.1 Deep Hell Development

After the initial bailing of the lower portions of deep wells EMH-3 and

_ EMW-4, BeylikDrilling,focusedon removing the sediment-richfluid in the

casingadjacentto each of the screenedintervals. This was accomplishedby

bailingapproximately50 gallonsfrom eachzone.

Following bailing, Beylik Drilling lowered a submersible purge pump into the

wells, suspendedon 20'lengthsof 2" O.D. steel dischargepipe. Inflatable

rubber packers were placed on either side of the pump intake so that

individualscreenedintervalscould be isolated. After positioningthe pump

intake at the correct depth, the packers were inflated with compressed

nitrogen gas.

At approximately 30 minute intervals, the pump was turned off and the

packerswere deflated,to allow the water in the casing to flow back into

the screened intervaland surge the formation. The drivingforce for this

back-flushingwas the small hydraulichead differencebetweenthe different

screenedzones. This procedurewas shown to be effectiveon the basis of

the color change in the developmentwater after the packerswere reinflated

and pumpingwas resumed. For both deep wells,developmentproceededfrom the

uppermostscreen (screenno. l) to the lowest (screenno. 5). A summaryof
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'_ the volumesof water removedfrom each zone using the submersiblepump, along

with the final,stabilizedparametersis includedin Tables3-2 and 3-3.

Developmentwith the submersiblepump was done until physicaland chemical

__ propertiesof the developmentwater stabilizedand for a sufficientlength

of time to generallyremoveat least 3 to 5 well volumes(calculatedfor each

screenedintervalon the basis of the outer hole diameterand the heightof

the sand pack below water). Total gallonsof fluid producedwere calculated

using measured flow rates from the discharge pipe and pumping time.

Satisfyingthese criteriagenerallyrequiredabout 6-10 hours of development

at each screened interval.

At EMW-3,developmentusing the submersiblepump was immediatelyfollowedby

the installationof the Westbay MP Casing System. After Westbaypersonnel

conductedtheir QA/QC tests and down-holepressureand temperaturemeasure-

ments, the final stage of developmentwas begun using the WestbayMP system.

_ As described in a previous section, the Westbay MP system effectively

isolates each screened interval. Development at each zone was done by

_ openingthe pumpingport valve locatedin that zone, and purgingwater using

compressednitrogen. An educator pipe, comprisedof ten foot lengthsof

l" OD PVC pipe were threadedtogether and lowered so that the bottom was

just below the pumpingport valve. A 1/4" OD plastictubingwas loweredto

just above the pumpingport valve. Compressednitrogenwas flowed down the

plastic tubing which forced water up the educator pipe. By occasionally

turningoff the nitrogenstream,the water rising up the educator pipe was

allowed to drop and surge the formation. This method proved to be more

effectivethan the submersiblepump for mobilizing fine sediment (drilling

mud and formationfines) adjacent to the screened intervals,and Westbay

developmenton EMH-3 requiredmore time than was anticipated. During well

development,the physical and chemical parametersof the purged water at

_- each screenedintervalstabilized(Table3-3).

Basedon the knowledgegained from the developmenthistory at EMW-3, Beylik

Drilling, performed additional development at EMW-4 using an air-lift

system, prior to installing the Westbay MP system. Beylik's air-lift

_ r equipmentwas similarin principleand operationto Westbay'sbut differed
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_ TABLE 3-2

Monitoring Well Development Specifications

'-- Well Screen Date Pumping Rate Volume Pumped
Number Number (gallons per minute) (gallons)

Submersible Purqe PUmD Development

_ EMH-3 I 2-7-90 6.0 1602
2 2-7-90 4.8 - 6.7 2275
3 2-8-90 1.1 383
4 2-9-90 5.5 2277
5 2-9 to 2-10-90 5.5 2315

EMW-4 I 2-11-go 6.8 422
_ 2 2-11 to 2-12-90 6.9 1511

3 2-12-90 6.1 1834
4 2-12to2-13-90 5.5 1683

_.. 5 2-13-90 5.0 1235

EMW-5 - 2-20-90 7.O 729

_- EMW-6 - 2-28to3-6-90 4.0 1600

EMW-7 - 3-12to3-14-90 2.7- 3.6 1090

Air Lift Development - (Beylik Drilling)

_- EMW-4 2 2-14-90 4.0 - 5.5 998
3 2-14to2-15-90 4.0 920
4 2-15-90 4.0-5.0 910

_ 5 2-15to2-16-90 5.0- 5.5 1943

Air Lift Develooment - (Westbay Instruments)

- EMW-3 1 2-20-90 O.3 73
2 2-15-90 0.3 46
3 2-14to2-15-90 0.3 58
4 2-13to2-14-90 0.4 .96
5 2-12 to 2-13-90 0.2 74

EMH-4 1 2-26-90 O.4 65
'-' 2 2-24-90 0.3 59

3 2-24-90 0.4 78
4 2-23-90 0.4 65
5 2-23-90 O.4 63
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TABLE 3-3

Summary of Monitoring
Well Development Specifications

Hell Screen Screen Hole

Number Number Depth Volumea Total Fluid Removed Temperatureb Conducttvityb pNb TDSb

(ft) (gallons) (gallons) (Hole Volumes) °C (?hos/cm) (mg/l)

EMW-3 1 170-180 147 1675 11.4 17.9 450 7.0 N/A
2 250-260 187 2321 12.4 20.0 411 7.1 N/A
3 344-354 183 441 2.4 16.8 325 8.4 N/A
4 555-565 155 2373 15.3 18.4 440 7.5 N/A
5 650-660 255 2389 9.4 15.6 380 7.1 N/A

EMW-4 1 147-157 294 487 1.7 16.6 401 6.9 N/A
2 237-247 208 2568 12.3 18.7 450 7.8 N/A
3 318-328 257 2832 ll.O 17.7 347 7.9 N/A
4 389-399 331 2658 8.0 16.2 311 7.5 N/A
5 509-519 318 3241 10.2 16.8 425 7.6 N/A

EMW-5 - 85-135 230 729 3.2 16.6 653 6.9 326

EMH-6 - 195-245 203 1600 7.9 18.9 730 7.1 365

EMW-7 - 225-275 197 1090 5.6 21.6 531 8.2 265

Notes

a) Hole volume was calculated for each screened interval using the height of the sand pack below water level and the
outer hole diameter.(9.875 in. for EMH-3; 12.25 in. for EMW-4; and ll In. for EMW-5, 6, 7).

b) Temperature, conductivity, pH, and Total Dissolved Solids (TDS) were measured immediately after laboratory samples
were collected.
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in the installation. Whereas Westbay utilized their sampling port valve and

WP system packers, eeylik used rubber packers inflated with compressed

nitrogen to isolate each screened interval. Again, physical and chemical

parameters of the development water were measured and final values are

reported in Table 3-3.

3.2.2 Shallow Well Developmen_

Development of the shallow wells, EMW-5, EHW-6, and EMW-7 was done by

initially swabbing the screened interval with a rubber-disc swab tool and

bailing the lowermost portion of each well, after which pumping with a

submersible purge pump was begun. As with the two deep wells, the pumpwas

suspendedon 2" OD steel pipe, but without the rubber packers. Initially,

the pump intake was lowered to the bottom of the well and pumping was

__ commencedfor approximatelyl0 minutes to remove the heavy, sediment-laden

fluid that had settledthere. Then the pump intakewas raised to about 5

feet below the water table. Pumping was begun and continued until physical

and chemicalparametersof the dischargewater stabilizedand at least3 to

_ 5 well volumesof water had been produced (Table 3-3). Occasionally,the

pump was turned off to surge the formation. At least once duringthe later

stages of developmentat each well, water exiting the discharge hose was

__ directedback down the casing,to rinse off the inner surfaceof the casing

which had a loose rust coating. Rinsingwas continueduntil the discharge

water color changed (requiringapproximatelyl0 minutes)indicatingthat one

rinse cycle had been completed.

'_' When well developmentwas finished,the pump and dischargepipe were quickly

removed and sampling was conductedimmediatelythereafter. The discharge

pipe had to be disassembledwhile full of developmentwater becauseof a

check valve located near the pump. Most of this water was collected in a

bucket after disassemblyof each joint. Care was taken to prevent any

developmentwater from drippingback into the well casing.
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3.2.3 Deed Hell SamDlinq

Sampling at each of the two deep wells was begun after Westbay development

at each well was completed. Samples from each screened interval were

obtained using a Westbay Sampler Probe with a total capacity of approximately

one liter. The sampler probe consisted of a series of four 250 ml stainless

steel collection tubes linked together with flexible, plastic lined hoses.

The uppermostcollectiontube was linkedto an electricallyactivatedvalve

openingassembly. The entire apparatuswas suspendedand lowered down the

MP casing on coaxialcable. Prior to samplingeach screened interval,the

sampler probe and collection tubes were disassembled and washed with Alconox

brand detergent and rinsed with commercialbottled drinking water. The

samplerprobe was then loweredto several feet below the measurementport

couplingadjacentto the screenof interest,and held while an initialwater

levelmeasurementwas taken.

The sampler probe was then raised and seated in the measurement port

coupling. The measurementport coupling sample valve was opened remotely

from the surfaceallowingthe formationfluid to fill the collectiontubes.

The samplevalve was then closed and a second water level measurementwas

_- recorded. Comparisonof the pre- and post-samplingwater levels provideda

check of whether the sampling had proceeded properly; a significant

difference between the two measurementswould indicate that the sampler

probe had not properlyseated in the measurementport coupling and that the

collection tubes might contain water from inside the MP casing. When, on

_ occasionthis did occur, the water samplewas discardedand the collection

tubes were decontaminated again.

At each screenedinterval,pH and conductivitywere measuredat the beginning

and end of the sampling run. These values were compared to the final

development parameters to ensure that the water samples collected were

representative. From each screen, a total of eight sample bottles were

_- filled, requiringat least 7 sampling trips. At the surface, the water

sample was emptied from the collection tubes through a valve at the lower

end. Sampleswere collectedin 1 literamber glass bottlesfor semivolatile
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._ organics(EPA625), Total PetroleumHydrocarbons(EPA 418.1),and pesticides

and PCBs (EPA 608), a one liter polyethylene bottle containing a nitric acid

stabilizerfor metal cations (Title 22 metals and Sr), a one liter poly-

ethylene bottle containinga sodium hydroxidestabilizerfor cyanide (EPA

gOlO),and 2-40 ml septumvials for volatileorganics (EPA 624). An extra

one liter amber glass bottle was filled in case additionalwater was needed

for any of the above analyses. Immediatelyafter filling, sample bottles

'_ and vials were labeled,sealed in plasticzip-lockbrand bags,and placedon

ice in a coolerfor transportto the analyticallaboratory.

3.2.4 ShallowHell Sampling

Immediatelyafter the submersiblepump and dischargepipe were removedafter

developmentof the shallowwells, water levelmeasurementswere recordedand

_- samplingwas begun. Sampleswere collectedwith 3 feet long,750 ml capacity

stainlesssteel (singlecheck valve) or teflon (doublecheckvalve)bailers.

The bailers were decontaminatedbefore use by thoroughly washing the

disassembledbailerswith Alconoxbrand detergentand rinsingwith de-ionized
water.

At the beginningand after completionof sampling,pH, conductivity,and TDS

parameterswere measuredand comparedto the final developmentparametersto

obtain representativesamples. The same assortment of bottles and vials

_ used for deep well samplingwere collectedfrom each of the shallowwells.

For several of the wells, water samples collectedcontainedunacceptable

levels of colloidaliron, apparentlyfrom water cascadingdown the inner,

corrodedsurfaceof the casing. Those water sample sets were discardedand

attemptswere made to correct the problem. The inner surfaces of steel

casing of the wells were rinsed and/or swabbed and the wells were

,_ redeveloped using a submersible pump for several hours. Sampling was

conducteda second time with markedly improvedresults. Immediatelyafter

filling, all bottles and vials were labeled, sealed in plastic zip-lock

brand bags and placed on ice in a cooler for transport to the analytical

1aboratory.
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_.. 3.2.5 Analytical Methods

,_- The groundwater samples collected as part of this investigation for

laboratoryanalysesare as follows:

o Thirteen (13) groundwatersampleswere collectedfor water quality

analysesby Curtisand Tompkins,a state certifiedlaboratory. This

'-- number correspondsto collectionof one samplefrom each of the five

screened intervals in each deep monitoring well (EMH-3 and EMW-4) and

_ one samplefrom each shallowmonitoringwell (EMN-5throughEMH-7),

o Two (2) groundwatersamples were collectedas duplicates,one from

each of the uppermost screened intervals at the deep wells EMH-3 and

EMW-4. In addition, duplicate volatile and semivolatile organic

sampleswere collectedfrom shallowmonitoringwell EMH-5.

o One (1) groundwatersamplewas collectedas a field blank from deep

well EMW-4. Water from the final rinse of the decontamination

procedureon the samplingdevice after screen 3 (third screen from

top) was sampledand before screen4 was sampled(fourthscreenfrom

top) was collected. In addition, final decontaminationrinsate

_- water was collectedfor volatile organic analysesfrom EMH-3 after

screen4 was sampledand before screen5 was sampled.

o Two (2) water sampleswere collectedfrom 2 separate fire hydrants

at OPL for volatileorganicanalyses. One sample was from the fire

hydrant used as a water supply during the drilling of EMN-4 and

EMW-5, and one samplewas from the water supplyused while EMW-6 was

-- being drilled.

,_ o Two (2) 40 ml glass vials filled with deonizedwater in the lab and

transportedto the site were used as a trip blank. After sampling,

the trip blank was sent to the lab for analyses.

The groundwater samples were analyzed for volatile organics (EPA method

624), semivolatileorganics(EPA method 625), Title 22 metals plus strontium
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, (EPA methods 60IO/7000/FAAS)organochlorinepesticidesand PCBs (EPA method
6OB), Total PetroleumHydrocarbons(EPA method 418.1), and cyanide (EPA

method gOlO). Drinking water level detection limits were used throughout

the laboratory analyses. Table 3-4 outlines the locations and sample

numbersof the groundwatersamples collectedand the associatedlaboratory

_- analyses performed. Table 3-5 outlines the EPA analytical methods and

associated sampling criteria. Table 3-6 lists the individual compounds

,_ analyzedfor using the EPA methodslistedabove.

Laboratoryanalyticalresultswere carefullyexaminedto ensurethat the data

was valid and acceptable according to EPA criteria. Several items were

considered. All sampleswere transportedto the analyticallaboratoryunder

-_ Ebasco'sestablishedchain-of-custodyprocedures. Chain-of-custodydocumen-

tation returned to Ebasco by the analytical laboratory (included in Appendix

C) was examinedto ensure that samples were not tamperedwith and reached

the analyticallaboratoryquickly. Dates of analyseswere examinedto ensure

that holding times specified by the EPA were not exceeded. Analyte concen-

trations reported by the laboratory were inspected for gross aberrations

that might indicate major errors. Finally, laboratoryquality assurance/
-j

_w qualitycontrol(QA/QC)data was comparedto acceptabletolerancespublished

by the EPA, to evaluate potential inaccuraciesstemming from instrument

malfunctions,calibration errors, operator errors, matrix effects, etc.

Guidelines described in Test Methods for Evaluating Solid Waste, Third

edition,SW-846, lgB6, EPA were used to evaluate laboratoryQA/QC results

for metals. Guidelines published in the EPA Contract LaboratoryProgram

Statementof Work for OrganicAnalyses, lggo, were used to evaluate QA/QC

_ results for organic constituents. Ebasco's evaluation of the laboratory

QA/QC resultsis discussedin a later section.

3.3 SOIL GAS INVESTIGATION

A soil gas surveywas conductedat OPL to outlinethe nature and extent of

volatile organic compounds (VOCs) emanating from suspected contaminated

,_ soil. Previous investigationsusing this method have proved it to be an

economical means to delineate localized subsurface regions contaminated with
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TABLE 3-4

Summary of Chemical Analyses Performed on Water Samples

Semi- Total
Volatile volatile Title 22 Metals Pesticides Petroleum

Sample Organics Organics plus Strontium and PCBs Hydrocarbons Cyanide
Sample Location Sample Type Number (EPA 624) (EPA 625) (EPA 6010/7000) (EPA 608) (EPA 418.1) (EPA 9010)

EMW-3 (Screen 1)* Water Quality MW-3-1 X X X X X X
Duplicate MW-3-O X X X X X X

EMW-3 (Screen 2) Water Quality MW-3-2 X X X X X X

EMW-3 (Screen 3) Water Quality MW-3-3 X X X X X X

EMW-3 (Screen 4) Water Quality MW~3-4 X X X X X X
Field Blank MW-3-4-FB X .....

EMW-3 (Screen 5) Water Quality MW-3-5 X X X X X X

EMW-4 (Screen l) Water Quality MW-4-1 X X X X X X
Duplicate MW-4-O X X X X X X

EMW-4 (Screen 2) Water Quallty MW-4-2 X X X X X X

EMW-4 (Screen 3) Water Quality MW-4-3 X X X X X X
Field Blank MW-4-3-FB X X X X X X

EMW-4 (Screen 4) Water Quality MW-4-4 X X X X X X

EMW-4 (Screen 5) Water Quality MW-4-5 X X X X X X

EMW-5 Water Quality MW-5 X X X X X X
Duplicate MW-SD X X ....

EMW-6 Water Quality MW-6 X X X X X X

EMW-7 Water Quality MW-7 X X X X X X

Fire Hydrant Used
for EMW-4/EMW-5 Quality Control HY-4 X .....

Fire Hydrant
Used for EMW-6 Quality Control HY-6 X .....

Trip Blank Quality Control Trip Blank X .....

*Screen 1 is uppermost screen in the multi-port wells.
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TABLE 3-5

EPA Methodsand SamplingCriteriafor Water Samples

Approximate
EPA Detection Container Storage

Analyses Method Limit Typeand Size Preservative Temperature MaximumHoldingTimes

VolatileOrganics 624 5-10ppb 40 ml glass None 4°C 14 days
vial, teflon-
lined septum

SemtvolattleOrganics 625 5-25ppb 1L amber glass None 4°C 7 days to extraction
bottle,teflon- 40daysafterextraction
lined septum

Organochlortne 608 0.2-2.0ppb 1 L amber glass None 4°C 7 days to extraction
Pesticidesand PCBs bottle,teflon- 40 days after extraction

lined septum

Title 22 Metals 6010/7000 1-20 ppb 1 L polyethylene HNO3 4°C 6 months,13 days for
Plus Strontium /FAAS bottle mercury

Total Petroleum 418.1 0.2 ppm 1L amber glass None 40C 28 days
Hydrocarbons bottle,teflon-

lined septum

Cyanide 9010 20 ppb 1L polyethylene NaOH 4°C 14 days
bottle
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TABLE 3-6

Laboratory Analyses Detection Limits

_ VolatileOrganics(EPAMethod 624)
Compound DetectionLimit

ug/L

Chloromethane lO
Bromomethane lO
Vinyl chloride l0
Chloroethane l0
Methylenechloride 5
lrichlorofluoromethane 5
1,1-dichloroethene 5
l,l-dichloroethane 5

'_ Total-l,2-dichloroethene 5
Chloroform 5
1,2-dichloroethane 5

_ 1,1,1-trichloroethane 5
Carbontetrachloride 5
Bromodichloromethane 5
1,2-dichloropropane 5
Cis-l,3-dichloropropene 5
Trichloroethylene 5
Dibromochloromethane 5
1,1,2-trichloroethane 5
Benzene 5
Trans-l,3-dichloropropene 5
2-chloroethylvinylether 5
Bromoform 5
1,1,2,2-tetrachloroethane 5
Tetrachloroethene 5

_,_ Toluene 5
Chlorobenzene 5
Ethylbenzene 5

HazardousSubstanceList Compounds

Acetone l0
,._ Carbondisulfide 5.

2-butanone l0
Vinylacetate l0
2-hexanone l0
4-methyl-2-pentanone l0
Styrene 5
Totalxylenes 5
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:, TABLE 3-6
(Continued)

LaboratoryAnalysesDetectionLimits

Semivolatile Organics (EPA Method 625, Extraction 3510)
AcidCompounds DetectionLimit

_.- ug/L

Phenol 5
2-Chlorophenol 5
2-Nitrophenol 25
2,4-Dimethylphenol 5
2,4-DJchlorophenol 5
4-Chloro-3-methylphenol 5
2,4,6-Trichlorophenol 5

_' 2,4-Dinitrophenol 25
4-NJtrophenol 25
4,6-DJnitro-2-methy)phenol 25
Pentachlorophenol 25

Base/Neutral Compounds

Bis(2-chloroethyl)ether 5
l,3-DJchlorobenzene 5
1,4-Dichlorobenzene 5

'_ 1,2-DJchlorobenzene 5
Bis(2-chloroisopropyl)ether 5
N-Nitroso-di-n-propy1amine 5
Hexachloroethane 5
Nitrobenzene 5
Isophorone 5
Bis(2-chloroethoxy)methane 5

>_ 1,2,4-Trichlorobenzene 5
Naphthalene 5
Hexachlorobutadiene 5
Hexach)orocyc1opentadiene 5
2-Ch1oronaphthalene 5
Dimethylphthalate 5
Acenaphthylene 5

_ 2,6-DJnitrotoluene 5
Acenaphthene 5
2,4-DJnitrotoluene 5

_,_ Diethylphthalate 5
4-Ch1oropheny1-pheny1ether 5
F1uorene 5
N-NJtrosodiphenylamine 5
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_ TABLE 3-6
(Continued)

_- LaboratoryAnalysesDetectionLimits

Semivolatile Organics (EPA Method 625, Extraction 3510)
Base/NeutralCompounds(Continued) DetectionLimit

_ ug/L

4-Bromophenyl-phenylether 5
Hexachlorobenzene 5
Phenanthrene 5
Anthracene 5
Di-n-butylphthalate 5
Fluoranthene 5
Pyrene 5
Butylbenzylphthalate 5
3,3'-Dichlorobenzidine 25
Benzo(a)anthracene 5
Chrysene 5
Bis (2-ethylhexyl)phthalate 5
Di-n-octylphthalate 5

_- Benzo(b)fluoranthene 5
Benzo(K)fluoranthene 5
Benzo(a)pyrene 5
Indeno(1,2,3-cd)pyrene 5
Dibenzo(a,h)anthracene 5
Benzo(g,h,i)perylene 5

-_ HazardousSubstanceList Compounds

BenzoicAcid 25
2-Methylphenol 5

_ 4-Methylphenol 5
2,4,5-Trichlorophenol 25
BenzylAlcohol 5

_ 4-Chloroaniline 5
2-Methylnaphthalene 5
2-Nitroanline 25
3-Nitroaniline 25

_ Dibenzofuran 5.
4-Nitroaniline 25

L
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_._._ TABLE3-6
(Continued)

LaboratoryAnalysesDetectionLimits

Organochlorine Pesticides and PCBs (EPA Method 608, Extraction 3510)
Compound DetectionLimit

'_ ug/L

Alpha-BHC 0.2
Beta-BHC 0.2
Gamma-BHC 0.2

_ Delta-BHC 0 2

Heptachlor 02
Aldrin 02

_ Heptachlor Epoxide 0 2
EndosulfanI 02
Dieldrin 02
pp-DDE 0.2
Endrin 02
EndosulfanII 02

._ EndosulfanSulfate 0 2
4,4-DDD 02
EndrineAldehyde 0 2
pp-DDT 02
Chlordane 2 0
Toxaphene 20
Methoxychlor 20

_ PCBlOl6 2.0
PCB1221 2.0
PCB1232 2.0
PCB1242 2.0
PCB1248 2.0
PCB1254 2.0
PCB1260 2.0

3961E



.... TABLE3-6
(Continued)

LaboratoryAnalysesDetectionLimits

CAC Title 22 Metals Plus Strontium
(EPAMethods60IO/7OOO/FAAS)

.. Metal DetectionLimit
mg/L

Antimony O.05

Arsenic 0.005

Barium O.O1

Beryl1ium O.O1

_- Cadmium O.OO1

Chromium(total) O.O1

___ Coba1t O.O1

Copper O.02

Lead O.005

Mercury O.OO1

Molybdenum O.O1

_- Nickel 0.Ot

Selenium 0.005

Silver 0.02

Strontium O.05

ThalIium O.005

Vanadium O.02

Zinc 0.02
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_ .... r traceconcentrations(ppb levels)of chlorinatedethanes (e.g.,DCA and TCA)

and chlorinatedethenes(e.g.,DCE, TCE, and PCE).
r

3.3.1 PerfexSoilGas SuryeyMethod

The soil gas at OPL was sampledusing static soil gas collectorsdeveloped

and suppliedby Petrex,a subcontractorlocatedin Lakewood,Colorado. Each

_- soil gas collectorconsistsof a ferromagneticwire coated with activated

charcoal contained in a glass culture tube. The culture tubes were buried

,_ open-end down in shallow holes and left undisturbed for approximately

4 weeks. Figure 3-5 is a schematicdiagramof a soil gas collectorburied

in the ground. During the 4 weeks, any volatiles present in the soil

beneaththe collectorscould adsorb onto the charcoal. The collectorswere

then removed, immediatelysealed, and transportedto Petrex's analytical

_- laboratoryin Lakewood,Coloradowhere the absorbedcompoundswere desorbed

and analyzed using Curie-pointmass spectrometry. The results were then

_- comparedto a libraryof mass spectra of known compounds and identified.

Resultsare reportedin terms of ion countsat variousmass-to-chargeratios

_'_ (m/z) and provide a semi-quantitativemeasure of concentrations. The

analyticalresults from this soil gas survey are discussed in detail in

Section 4.4.

3.3.2 Installationof Soil Gas Co]lectors

Eight suspected chemical disposal sites were identified by examining

historical aerial photographsand through discussionswith JPL personnel

(Figure2-2). Many of the past disposal sites are currently covered by

buildingsor pavement. In addition to the above mentioneddisposal sites

surveyed for soil gas, 2 locations were selected for background

information. Figure 3-6 shows the locationsof the soil gas collectors. A

total of 46 Petrex wires were used to characterizethe l0 locations (Table

3-7). Ten of those wires were used as replicates(two wires per culture

tube) by Petrexfor QA/QC purposes;1 wire was used as a replicateby Ebasco

for QA/QC purposes;and 6 wires were used for time trial tests to determine
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GROUND SURFACE

CHARCOAL
ADSORBENT

GLASS TUBE FERROMAGNETIC
WIRE

'_ ISOMETRIC VIEW

, Figure 3-5
Schematic Diagram of Soil

Gas Collector
_"_ From:M.J.Malley,etaL,1985.
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TABLE 3-7

Locations and Purposes of Soil Gas Survey Collectors

Collector* Duration

Grid Location Suspected Problem/Purpose Wire Number(s) Type (days)

A5 W. Parking Log Chemical Dumping Pit 1 S 2g

Chemical Dumping Pit 2,3 D 29

04 E. of Bldg. 246 Background 4,5 D 29

04 E. of Bldg. 299 Chemical Dumping Pit 6,7 D 29
Chemical Dumping Pit 41 S,T 8

Chemical Dumping Pit 42 S,T 22

'_ E4 N. of Bldg. ggg Chemical Dumping Pit 8 S 29
Chemical Dumping Pit 9 S 29

F5 S. of Bldg. g7 Chemical Dumping Area lO,11 D 29
Chemical Dumping Area 12 S 29

Chemical Dumping Area 13 S 29

Chemical Dumping Area 14 S 29

E6 SE. of Bldg. 103 Chemical Dumping Area 15,16 O 28
Chemical Dumping Area 17 S 28

Chemical Dumping Area 18 S 26

Chemical Dumping Area 43 S,T 7

Chemical Dumping Area 44 S,T 21

E6 SE. of Bldg. 300,302 Chemical Dumping Pit lg S 28

Chemical Dumping Pit 20,21 D 28
Chemical Dumping Pit 22 S 28

Ebasco QA/QC for Wire 22 23 S gB

Chemical Dumping Pit 24,25 D 28

Chemical Dumping Pit 45 S,T 7

Chemical Dumping Pit 46 S,T 21

E6 S. of Bldg. 187 Chemical Spill Area 26,27 O 2B
Chemical Spill Area 28 S 28

E5 SE. of Bldg. 303 Chemical Dumping Area 29 S 28
Chemical Dumping Area 30,31 D 28

E5 E. of Bldg. 303 Chemical Dumping Area 32 S 26
Chemical Dumping Area 33 S 28

E5 NW. of Bldg. 302 Chemical Dumping Area 34 S 28
Chemical Dumping Area 35,36 D 26

Chemical Dumping Area 37 S 26

Chemical Dumping Area 38 S 28

E5 SW. of Bldg. 7B Chemical Dumping Area 39 S 28

F4 NW. of Bldg. 132 Background 40 S 2B
_ __ Travel Blank 47 S -

_ __ Travel Blank 46 S -

_ __ Travel Blank 49 S -

NOTES:

"S = single wire in one culture tube.

_, O = double wires in one culture tube. The second wire was used by Petrex for their QA/QC determination.
T = time trial test used to determine optimal duration of the collection period.
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the optimal soil gas collection time. The soil gas collectors were

installedin the followingmanner:

o A hole approximately 12 in. deep was excavated with a 3-inch

diameter hand auger.

o A sealedPetrex culturetube containingone or two wires was opened

and immediatelyinsertedintothe hole open-enddown.

o The hole was infilledwith nativesoil and markedwith a wire-stemmed

flag.

o After the appropriatetime interval, each collector was removed,

wiped clean, and immediatelysealed,labeledand packagedin double

_ zip-lockplasticbags.

o The sealed tubes were sent to the Petrex laboratory (Lakewood,

Colorado) via overnight delivery for analysis. Chain-of-Custody

'_ Recordswere maintainedand are includedin AppendixE.

When handling the open collectors,latex gloves were used to eliminate

potentialcontamination.Care was taken that the collectors,open or sealed,

were not exposedto smoke,exhaustfumes,or other potentialcontaminants.

Two sets of three single wire collectors(total of 6) were used for time

trial tests to determine the optimal time for soil gas collection. The three

'_ locationsselectedfor the time trial tests were sites that were considered

to have the greatestpotentialfor containingvolatilecompounds. The first

,_ set was removedand analyzed after 8 days and the second was removed and

analyzedafter 22 days. On the basis of those results,Petrex recommended

that the remaining collectors had fully equilibrated with the soil and
t_

shouldbe removedfor analysis(thosecollectorswere removedafter 2g days).

_' Ten of the collectors containeddouble wires and were used by Petrex to

determine sampling and analytical precision. Those double wire collectors

_,_._.._ were uniformlydistributedat the samplingsites. In addition,Ebascoused
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_ one single wire collectoras an independentQA/QC check. Two collectors

(travelblanks)were left capped and transportedalong with the collectors

used for sampling. Analyticalresultsfrom those travel blanks ensuredthat

no contamination had occurred during storage and transportation. The

analyticalresultsare presentedin AppendixE.
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4.0 PHYSICAL AND CHEMICAL CHARACTERISTICS OF

JPL GROUNDWATER AND SOIL GAS

A descriptionand evaluationof field measurementsand laboratoryanalytical

-- results concerning JPL groundwater and soil gas is presented in the

followingsections.

4.1 GROUNDWATERLEVEL MEASUREMENT

Groundwaterelevationsweremeasuredat all monitoringwell locationsat 3PL

at least 24 hours after completionof well development. A 500 foot Solinst

-- electricwater level sounder was used to measure the water levels in the

wells completedby Ebascoand the two wells completedby the Army Corps of

_ Engineers(CMW-1 and CMW-2). The water levels in the deep monitoringwells

completedwith the multi-portcasing system (EMH-3 and EMW-4) were measured

priorto installationof the multi-portcasing.

The electricwater levelsounderutilizesa water sensor probe attachedto a

-- measuringtape wound onto a reel. To measurethe water level in a well, the

probewas loweredinto the well and upon contactwith groundwaterthe circuit

betweenthe electrodeson the probe was completedand the soundingdeviceand

lighton the reel were activated. The depth to groundwaterwas then read

from the measuring tape. Measurementswere made to the top of the well

casing with an accuracy of ±O.O1 feet. For consistencyand accuracy of

subsequent measurements,the location on the casing which was used to

-- measurethe depth-to-waterwas marked and noted. To obtain the groundwater

elevationsabove mean sea level, the lengthof casing above ground surface,

_ if any, was subtractedfrom the gross measurementalong with the ground

surface elevation (the groundwaterelevations appear in Table 4-1). The

ground surface elevationswere not surveyed;however, detailed topographic

maps availablethroughJPL facilitiespersonnelwere used to estimatesurface

elevationsvia known nearby datum locations. A second round of groundwater

level measurementswere taken by Ebasco personnel on 3/27/90. The well

locationsand elevationsfor this round of measurementsare presented in

Figure4-1 and Table 4-I. Hater levelsin wells MH-O1, CMW-I, EMW-5,EMW-6
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TABLE 4-1

Groundwater Level Measurements at JPL

All measurements in feet, all elevations above mean sea level

Surface Depthto Groundwater Depthto Groundwater
Nell No. Elevation Date Groundwater Elevation Date Groundwater Elevation

MH-OI 1,100 0]/23/90 ]30.50 969.50 03/27/90 124.35 975.65

CMN-1 1,116 01/2'3/90 20.00 1,096.00 03/27/90 16.27 1,099.73

CMW-2 1,169 02/28/90 >179' <989 03/27/90 >179' <989

EMW-3 1,100 02/10/90 ]30.50 969.50 03/27/90 N/A** N/A

EMW-4 1,083 02/16/90 108.60 974.40 03/27/90 N/A** N/A

EMW-5 1,070 02/13/90 98.43 971.57 03/27/90 94.13 975.87

EMW-6 1,189 02/28/90 205.80 983.20 03/27/90 203.85 985.15

EMW-7 ],213 03/12/90 236.20 976.80 03/27/90 235.00 978.00

*No water in well, total depth of well is ]79'.

**No measurement available, multi-port system precludes electric sounder use.
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and EMW-7 were measuredwith an electricwater level sounder. Hater levels

L in wells ElaN-3and EMI4-4were not measured, as the multi-port system

_ precludesuse of the electricsounder.

After installationof the multi-portcasingsystem in wells EMW-3 and EMW-4,

piezometric surfaces were obtained for each screened interval using a

pressure probe/transducerdevice. The pressure probe/transducerunit was

initiallylowered to the deepest monitoringport at the deepest screened

intervaland moved upwardto each successivescreened intervalas measure-

ments were completed. To obtain each measurementthe port was opened and

the probe put into contact with the formation fluid. The fluid pressure was

measured by the transducer and relayed to the surface. An equivalent depth

_ to water below ground level was then derived for each screened interval.

The fluid profilesgeneratedfor EMW-3 and EMH-4 are presentedin Figures

4-2,4-3 and AppendixB.

The transducerderivedwater level measurementsvary from those water level

measurementstaken prior to multi-portinstallation.The uppermostinterval

of EMW-3 was initiallymeasured at 130.5 feet below ground surface on

2/10/90. A transducer-derivedmeasurementof the same intervalon 3/3/90

yieldeda figureof 124 ±0.3 feet below ground surface,a differenceof 5.5

±0.3 feet. The uppermostintervalof EMH-4 was initiallymeasured at 108.6

feet below ground surfaceon 2/16/90. A transducer-derivedmeasurementof

the same intervalon 3/5/g0yieldeda figureof 103.5±0.3 feet below ground

surface,a differenceof 5.1 ±0.3 feet. A period of approximatelythree

weeks passed betweenthe originalwater level measurementsof each well and

the subsequentpressure probe/transducermeasurements. During the interim

the site was subjectedto periodsof heavy rain and it is likely that the

water level rose due to the recharge provided by the wet weather. This

explanationis supportedby the consistencyof the water level differences

in the wells, both in the five foot range and both higher than originally

measured.

_' The transducer-derivedwater level measurementsalso vary betweenindividual

screenedintervalswithin EMH-3 and EMH-4 (see Figures 4-2 and 4-3). In

EMW-3 the fluid pressure results indicate a downward gradient of
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approximatelyfive feet of water from the top to the bottom of the well.

.... The piezometricsurfacemeasurementsvary from 124.0 ±0.3 feet below ground

surfacein the first,uppermost,screenedintervalto 12g.5 ±0.3 feet below

ground surfacein the fourth and fifth screenedintervals(see Figure4-2).

The second and third screened intervalshave piezometric surface measure-

'_ ments of approximately126.5 +_0.3to 127.5±0.3 feet below ground surface.

These levels suggest the presence of three slightly different hydrologic

zoneswithinthe aquiferat this location.

Similarly,the screenedintervalsin EMW-4 exhibita variationin piezometric

surfacemeasurements(see Figure4-3). The fluid pressureresultsfor this

well indicatea downwardgradientof approximatelyeight feet of water from

the top to the bottomof the well. The piezometricsurfacemeasurementsvary

from 103.5±0.3 feet below ground surfacein the first screenedintervalto

ll2.0 ±0.3 feet in the fifth and deepest screened interval. The three

middle screened intervalshave measurementsof approximately107.0 ±0.3 to

lOg.O ±0.3 feet below ground surface. As was the case with EMN-3, these

differentlevels suggestthe presenceof three slightlydifferenthydrologic

zones within the aquifer at this location.

4.2 GROUNDWATERAQUIFERPERMEABILITIES

WestbayInstrumentspersonnelperformeda rising head hydraulicconductivity

test at each screenedintervalin the deep monitoringwells EMW-3 and EMW-4.

The followingsteps were repeatedto complete each hydraulic conductivity

measurement: l) water was bailed from the subjectwell to reducethe water

level inside the MP casing below that of the aquifer, the final water level

was recorded;2) a pressureprobe/transducerwas loweredinto the well and

placedbelow the currentwater levelinsidethe MP casing;3) the purge port

at each individual screened interval was opened to the outside formation;

4) the pressureprobe/transducerwas used to obtain a record of water head

pressureversustime as the hydraulichead rose in the well.

Hydraulicconductivityvalueswere then calculatedusing a method described

by Hvorslev(lgS1)and are presentedin Table 4-2. Detailsof these calcula-

tions and plots of head ratiosversustime are presentedin AppendixB. The
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TABLE4-2

Summaryof HydraulicConductivityResults

Westbay Screened Conductivity
_' Hell Number Screen Number Zone No. Interval* (cm/s)

EMN-3 1 l0 920.0-->930.0 8.9x lO-4

-' 2 8 849.0:>850.0 7.0x 10-4

3 6 746.0: >756.0 6.0 x lO-5

4 4 535.0= >545.0 5.4x 10-4

5 2 440.0= >450.0 1.1x lO-4

_- EMW-4 1 l0 926.2: >936.2 7.2x lO-4

2 B 835.8= >845.8 3.6x lO-4

_'- 3 6 753.4 = >763.4 4.1 x lO-4

4 4 684.1 : >694.1 3.0 x 10-4

5 2 563.6= >573.6 1.1x lO-4

,_ * Elevation in feet above mean sea level.

3961E



conductivityvalues measured from wells EMW-3 and EMW-4 range from 6.0 x

_ 10-5 cm/sec to B.g x 10-4 cm/sec. These values are within the generally

acceptedrange for aquiferscomprisedof silty sand. Slight variations in

hydraulicconductivitiesbetweenscreenedintervalsis most likelya function

of the compositionof the aquifer immediatelyadjacent to each screened

_ interval. A silty interval of the aquifer will have a lower hydraulic

conductivitythana sandyintervalof the aquifer.

4.3 GROUNDWATERQUALITYANALYSES

The analyticalresults of the groundwatersamples collected during this

investigationare presentedin this section. Completelaboratoryreportsare

includedin AppendixC. The field samplingand analyticalproceduresused

are discussed in Sections 3.2.3 through 3.2.5. Table 4-3 summarizesthe

analyticalresultsby presentingonly the compoundsor constituentsdetected.

No cyanide, organochlorinepesticides or PCBs were detected in any water

samplescollectedat JPL.

The analyticalresults indicate low levels of metals are present in each

monitoring well. All concentrationsof the metals detected are below

regulatorythresholdlevels. Barium,zinc,and strontiumare present in the

groundwaterin each monitoringwell in variousconcentrationswith maximum

recordedconcentrationsof 0.05, 0.25 and 0.66 mg/1, respectively. Molyb-

denum is presentin the bottom three screenedintervalsof EMH-3 and in the

bottomtwo screenedintervalsof EMW-4 with a maximumrecorded concentration

of 0.04 mg/1. Nickel was detected in the uppermostscreened intervalof

EMH-3,the secondfrom the top screenedintervalof EMW-4 and in EMW-5 with

a maximum concentrationof O.lO mg/1. Cobalt was detected in the bottom

screenedintervalof EMW-3 with a concentrationof O.O1 mg/1 and antimony

was detectedin EMW-6 with a concentrationof 0.008 mg/1. Monitoringwell

EMW-7 contained 0.02 mg/1 of total chromium and monitoring well EMW-5

contained0.02mg/l and 0.0045m/1 of copperand lead, respectively.

Total Petroleum Hydrocarbons (TPH) were also detected in low levels in

samples collected from each monitoring well. The samples collected from the

lowermost2 screenedintervalsof EMW-3,the lowermosttwo screenedintervals
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TABLE 4-3

Summary of Analytical Results of Water Samples

Sample Location (all results in ug/1)

Fire Hydrant Fire Hydrant
EMW-3 EMW-3 EMW-3 EMW-5 Used For Used For Regulatory

Compound Screen 1 Screen 1 Screen 2 EMW-5 Duplicate EMW-6 EMW-7 EMW-4 and EMW-5 EMW-6 Thresholda

Volatile Organics
Carbon Tetrachlortde ...... 200 - - 0.5
Tetrachloroethene ...... 15 - - 5

Tr_chloroethene . - - 13 13 - 22 - - 5

1,1-Oichloroethene ...... 8 - 6
Chloroform 7 8 6 - - 24 23 34 36 b

Bromodichloromethane ..... 6 <5 16 16 b

Olbromochloromethane ...... <5 13 13 b

Bromoform ....... <5 <5 b

Semlvolatile Organics

Bis(2-ethylhexyl)pthalate) - - 17 .......

acalifornia Code of Regulations, Title 22, maximum contaminant levels for drinking water.

bTotal trihatomethanes (chloroform, bromodichloromethane,dibromochloramethane, and bromoform) over lO0 ug/L.
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TABLE 4-3

(Continued)

_ample Location (All Results in mq/1)
EMW-3 EHW-4

EMW-3 Screen 1 EMW-3 EMW-3 EMH-3 EHW-3 EMW~4 Screen 1 EMW-4 EHW-4 EMW-4 EHW-4 Regulator2
Constituent Scr. 1 Duplicate Scr. 2 Scr. 3 Scr. 4 Scr. 5 Scr, 1 Duplicate Scr. 2 Scr. 3 Scr. 4 Scr. 5 EMW-5 EHW-6 EHW-7 Threshold c

Antimony ............. 0.008 -

Barium 0.04 0.04 0.03 0.02 0.04 0.02 0.05 0.05 - 0.03 0.02 0.04 0.05 0.02 0.03 1.0

Chromium (total) .............. 0.02 0.05

Cobalt ..... 0.01 ..........

Copper ............ 0.02 - 0.02 1.0

Lead ............ 0.0045 ~ - 0.05

Holybdenum - - - 0.02 0.02 0.04 .... 0.01 0.02 ....

Nickel 0.10 ....... 0.01 - - - 0.02 - - -

Zinc 0.10 0.03 0.02 0.06 0.20 0.06 0.03 0.04 0.11 0.02 0.01 0.23 0.13 0.25 5.0

Strontium 0.53 0.60 0.43 0.21 0.43 0.18 0.42 0.45 0.54 0.27 0.30 0.40 0.50 0.66 0.32 -

Total .... 0.5 0.4 ..... 0.5 0.5 2.0 1.1 -
Petroleum
Hydrocarbons

CCallfornla Administrative Code Titte 22, maximum contaminant levels for drinking water.
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of EMW-4, and the three shallow monitoringwells contained low levels of

TPH. The maximum concentrationof TPH detectedwas 2.0 mg/1 in the sample

frommonitoringwell EMH-6.L_

Only one semivolatile organic compound was detected in the samples collected.

Bis(2-ethylhexyl)phthalatewas detected in the sample collected from the

second screened interval from the top of EMW-3 with a concentration of

17 ug/1. Phthalatesare associatedwith plasticizersin vinyl tubing and

are commonlyfoundto be laboratoryand/or field contaminants. It is likely

the presence of bis(2-ethylhexyl)phthalatein this sample is related to

laboratoryand/or field proceduresand is not representativeof groundwater

conditions.

The volatile organic compoundsdetected in the groundwaterat 3PL are of

primary concern. As Figure 4-4 shows, samples collected from each well

except EMW-4 containedone or more volatileorganic compounds. The sample

of groundwaterfrom EMW-5 contained13 ug/1 of trichloroethene(TCE). The

state maximum contaminantlevel (MCL) for TCE in drinkingwater is 5 ug/1.

The sample of groundwater from EMW-7 contained 200 ug/1 of carbon

tetrachloride,15 ug/1 of tetrachloroethene(PCE), 22 ug/1 of TCE, and

8 ug/1 of l,l-dichloroethene.The concentrationsof all of the these

compoundsare above the state of CaliforniaDepartmentof Health Services

MCLs for drinking water.

The samplesfrom well EMW-7 also contained23 ug/1 of chloroformand trace

amounts (<5 ug/1) of bromodichloromethaneand dibromochloromethane.

Chloroform, bromodichloromethane and dibromochloromethane along with

bromoform(all trihalomethanes)were detected in the QA/QC water samples

collectedfrom the fire hydrant system at 3PL (Table 4-3). This water is

supplied to JPL from the City of Pasadena and the MetropolitanWater

District. Permissionwas granted from 3PL to use this fire hydrant water

during field operations(mixing drillingmuds, fillingthe drill pipe with

water to run E-logs at the shallow wells, etc.). The levels of

trihalomethanesin this water supplyare withinregulatorylimitsand may be

the result of a water chlorination process.
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Currentlyit is difficultto concludewhether the presence of chloroform,

_ bromodichloromethane,and dibromochloromethanein the sample collectedfrom

EMW-? is in any way related to the water added to the well during field

operationsor is representativeof groundwaterconditions. Prior to well

developmentof EMI4-?,4 hole volumesof fire hydrantwater were added so a

gamma ray/neutronlog could be run. During well developmentof EMW-7, 5.6

hole volumes were removedbefore a sample was collected (Table3-3). The

fact that the ratios of concentrations of contaminants in the water do not

appear to match the ratiosof concentrationsof the same contaminantsfound

in the sample from EMH-7 may suggest the results obtained for EMW-7 are

representative of groundwater conditions. Analytical results obtained from

futuresamplingeventsof thiswell shouldhelp resolvethis question.

Chloroform and bromodichloromethanewere also detected in the sample

collectedfrom EMW-6 in concentrationsof 24 ug/1 and 6 ug/1, respectively.

Again it is difficultto concludewhether the presence of chloroformand

bromodichloromethanein the sample collected from EMW-6 is related to the

water used during field operations or is representativeof groundwater

conditions. Prior to well developmentof EMW-6, a significantamount of

_-- fire hydrant water was added to EMW-6 to unclog the drill bit and at least

3.5 hole volumesof the samewater was added to EMW-6 so a gamma ray/neutron

log could be run. During well development of EMW-6, 7.9 hole volumes were

removedbeforea samplewas collected(Table3-3). Again, analyticalresults

obtained from future sampling events of this well should help resolve this

'- question.

_ Chloroformwas again detected in some of the samples collectedfrom well

EMW-3. The sample collectedfrom the uppermost screened interval of EMW-3

and its duplicatecontained7 ug/1 and 8 ug/1 of chloroform,respectively,

and the sample collectedfrom the second screenedinterval from the top of

EMW-3 contained 6 ug/1 of chloroform. JPL water containing chloroform

(Table4-3) was used to mix the drilling mud used during the drillingof

EMW-3. Again it is difficultto concludeat this time that the chloroform

_ detected in the samples from EMW-3 are not representativeof groundwater

conditions. During a hydrogeologicevaluationof the Arroyo Seco near JPL

in late lgBg, Ebascosampledsomeof the City of Pasadena'swater production
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wells (Ebasco, 1989) and found 8 ug/1 of chloroformin the city's Arroyo

well. The fact that chloroform was detected in the groundwater near EMH-3

in the Arroyo well in a concentration similar to the concentration of

chloroform found in EMW-3, along with the fact that during extensive well

development of EMW-3, ll.4 and 12.4 hole volumes were removed from the two

screenedintervalswhere chloroformwas detected (Table3-3), suggeststhat

the chloroform detected in EMH-3 may be representative of current groundwater

_- conditionsand may not be related to contaminationfrom the water supply

used during field operations.

4.3.1 OualityAssuranceand OualityControl(OA/OC)

Summariesof the analytical laboratory'sQA/QC results on the groundwater

samples are included in Appendix C along with the analytical reports.

The QA/QC procedurefor each analyticalmethod and the acceptablerange for

results, are specified by the EPA. For the fluid analyses discussed in this

report,two differentlaboratoryQA/QC approacheswere used. For EPA methods

for volatile organics (624) and semivolatile organics (625), several

-- surrogateorganic compounds(compoundswith chemicalproperties similarto

compounds of interest, but not normally present in contaminated groundwater)

_ are added to the blanks, standards,and samples. The analyticallydeter-

mined concentration for each surrogate in the samples were compared to the

actual concentration and expressed as a percentage, which ideally should be

lOOl_. The ranges acceptable by the EPA are listed in Table 4-4.

_- For EPA methods for total petroleum hydrocarbons(4lB.1),Title 22 metals

and Sr (6010/7000),organochlorinepesticides and PCBs (608), and total

_, cyanide (gOlO), "Blank Spikes" were preparedby mixing a blank with metals

or EPA specified compounds. Each blank spike was split to make a "Blank

Spike Duplicate". For each EPA method, the analyte concentrationin the

appropriate blank spike is analytically determined and is reported as a

percentage of the actual concentration. Those values, which ideally should

be lOOk, provide a measure of analytical accuracy. Analytical precision is

determined by comparing the analytically determined concentrations of the

blank spike and blank spike duplicate for each EPA Method and expressing the
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TABLE 4-4

Acceptable Ranges for Analytical QA/QC
Results of Water Samples

OA/OC by Surroaate Recovery Method

Method and Surrogate Organic Compound Acceptable Range

EPA Method 624' Volatile Organics in Water
1,2-Dichloroethane-d4 76-114
Toluene-d8 BS-110
Bromofluorobenzene 86-115

_, EPA Method 625: Semivolatile Organics in Water
2-Fluorophenol 21-100
Phenol-d5 10-94
2,4,6-Tribromophenol 10-123

'_' Nitrobenzene-d5 35-114
2-Fluorobiphenyl 43-116
Terphenyl-dl4 33-141

OA/OC by "Blank Spike" and "Blank Spike Duplicate" Method

MethodandAnalyte Accuracy Precision
_- (Spike _ Recovery) (Relative % Difference)

EPA Method 6010/7000: Title 22 Metals and Sr in Water

AllMetals 80-120 <20

EPA Method 418.1' Total Petroleum Hydrocarbons in Water

B5-115 <20

EPA Method 608' Organochlorine Pesticides and PCBs in Water

47-125 <20

EPA Method 9010: Total Cyanide

BO-120 <20
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differences as a percentage. Those values should ideally be 0%. The

acceptable ranges for accuracy and precision specified by the EPA are also

listed in Table 4-4. All of the laboratory QA/QCresults are within the EPA

acceptable limits with the exceptions of spike % recovery (accuracy), for

mercury in several analyses. The results, however, are just slightly (1-2%)

greater than or less than the QA/QC specifications. Furthermore, mercury
concentrations were below detection limits in all samples.

In addition to laboratory QA/QC procedures, Ebasco also incorporated field

QA/QC procedures. Duplicate sets of samples were collected from the top

screen (1) in EHW-3 and EHW-4 and submitted for the complete set of

laboratory analyses. Of the constituents that were detected in the duplicate

-- samples,metal cation concentrations(Ba, NJ, Sr, and Zn) matched to within

O.Og ppm. The chloroform concentrations in the EMW-3 samples were also

-- close (7 and 8 ppb). A duplicatesamplefor EMW-5was submittedfor analyses

for volatile and semivolatileorganic compounds. Identical concentrations

of trichloroethene,the only compounddetected,were found in both samples.

A trip blank,which consistedof two 40 ml septumvials filledwith deonized

-- water by the analyticallaboratory,were transportedwith all groundwater

samples,providingproof that the groundwatersampleswere not contaminated

_-- duringtransport. After groundwatersampling was completedthe trip blank

was analyzed for volatile organic compounds. No compounds were detected.

Two field blanks were collected and analyzed to provide evidenceof the

effectiveness of the decontamination procedures for groundwater sampling

_- equipment. After decontaminationof the Westbay water sample collector

prior to sampling screen 4 in EMW-3 and screen 3 in EMW-4, sample bottles

_ were filledwith used decon rinse water. The EMW-3field blank was analyzed

for volatileorganiccompoundsand the EMW-4 field blank was submittedfor

the complete set of analyses. Concentrations of all constituents were below

detectionlimitswith the exceptionof Zn, which was just above detection

limit in the EMW-4 field blank.
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4.4 SOIL GAS ANALYSES

Resultsof the soil gas survey are presentedin AppendixG, Table 1. Six

different compoundswere detected in one or more samples: l) benzene,

toluene, and xylene (BTX), 2) trichloroethane (TCA), 3) trichloro-

_ fluoromethane (Freon 11) or trichlorotrtfluoroethane(Freon ll3),

4) trichloroethylene(TCE),5) tetrachloroethylene(PCE), and 6) chloroform.

_. The concentrationsare presentedin termsof net "ion counts". No equations

relating ion counts with the true concentrations and flux of analytes in

soil gas are available. Ion counts from different compounds cannot be

compared because of varying physiochemical properties of different compounds

including diffusion rate and adsorption characteristics. In addition, ion

'_ counts obtained during different analyticalruns should not be compared

becauseof variationsin instrumentperformance(unless a common sample is

used to calibratethe analyticalinstrumentsduringeach run).

Resultsfrom the soil gas analyseswere evaluatedusing an order-of-magnitude

rankingsystem,in which net or background-correctedion counts are ranked

as not detected lO ion counts), very low (1-4ggg), low (5000-9999), moderate

(lO,O00-4g,ggg),or high (50,000or greater). Each pair of ion counts from

the lO duplicatewire collectorswere averagedbeforeranking.

Samples 4 and 5 (duplicatewires) and sample 40 were placed off-site to

provide background levels. Unfortunately,some materials may be present

near where sample 40 was buried, judging from the particularlyhigh ion

counts for BTX and PCE in that sample (Appendix G, Table 1). Another

_ complicationin the backgroundsamplesand someof the other samplesresulted

from terpenes, a naturally occurring hydrocarbon emitted from coniferous

plants. Terpenes have similar physiochemicalpropertiesas BTX compounds.

The collectorfor backgroundsamples4 and 5 was apparently located near

coniferous plants which rendered this sample useless for BTX background

levels. Unlikethe zero backgroundlevels(indicatingno detection)for TCA,

Freon ll or ll3, and TCE, the backgroundlevelsfor PCE was substantially

above zero. PCE is a commonly used industrialsolvent and is detected to

some extent at nearly all the sites investigatedby Petrex. Furthermore,

the Perfexanalyticalequipmentis especiallysensitiveto PCE. The above
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zero PCE backgroundlevel at the JPL site may be an artifactof Los Angeles

basin smog.

For order-of-magnituderanking, no backgroundcorrectionwas necessaryfor

TCA, freon, or the TCE analyses,and no backgroundcorrectionwas possible

for the BTXanalyses,for the PCE analyses,a backgroundlevel of 5,000 ion

counts were used. Net PCE ion counts between0 and 5,000 were ranked as

_. negligible,to indicatethat some PCE was present but at concentrationsat

or below the backgroundlevel. Rankingresultsare presentedin Table 4-5.

Resultsfrom two collectorshad to be dismissedbecauseof breakageduring

transportation(sample14) and becauseof clearlynon-representativesampling

(sample 29). The latter collector was buried in a flower garden near

building 303 in very fine grained, dark colored soil. Petrex analytical

resultssuggestthat the soilmight containfuel oil or kerosene.

There were two occurrencesof freon ranked at low or above. Freon is

extremely diffusive, however, and it is questionablewhether the freon

concentrationsin those two samplesare relatedto past disposalactivities.

In Figure4-5, the soil gas constituentspresentat rankinglevelsof low or

greaterare listed next to the respectivesamplinglocation. Those sampling

,_ locationsdelineatethe locationsin which the major suspectedchemicalwaste

disposalpits have been identifiedfrom old photographsor from recollec-

tionsof JPL employees. "Low" concentrationsof PCE were detectednear the

suspecteddisposal pit near building 299; "low" concentrationsof BTX and

"moderate" concentrations of PCE were detected near the disposal pit

_- southeastof buildings300 and 302; and "low" to "moderate"concentrations

of BTX, TCA, TCE, PCE, and chloroform were detected near a suspected

disposal area between buildings 300, 302, and 303. The presence of

"moderate"levels of chloroform is particularlyinteresting,because the

Petrex systemis quite insensitiveto chloroform. The fact that chloroform

was detectedat all is unusual. However, the source of the chloroformis

questionableconsideringthat trace levels of chloroformwas found in the

OPL water supplyand that the Petrexsampler(numbers30 and 31) were buried

neara water irrigationsprinklerin a flowerbed.

3961E 4-10



Ii
I'

.. . .,- v i..._ _._79Z: _.x _ _--_-,_..,,., ,.._.,.,, ,,J . , x \ _, \ x.// ,.-----..;I i , _, \ . -

" ' . ,, ',,'...,',..-,">----""_"':. , ',.. . . .'., . ,.,., , j ,' ,,.,"¢..*rl__..__.-' -t / __-....,,.',..--..,_ ',_ '' - ' ' ' - 'q' '_-'_ ._ _'.=.._ / . ,

_ i _../ ' _ "-9_ @8: ',
/ _ t J'._x__ _ ,.. ! IowPCE _ -_'
/ ik_,l'_, _.---_'.' I , , ,
"x i I I ,_. _m:- '_ /
x; : : I i izc* -x., @40:

- . X_.______ ] IH i '_ . 2_, mod.BTX;
· _ : ' , ' '_--;-- ' ' . 41· '--_, ) . j,$-' . . r.

-' _ i n i ?' _t-- --"----;'" ' / ' ,50 highTCE
t · , _/., /., _ r a. _.

_' _- _ . _ =':._" : _ 6,7 .,.o ---,

/ / - ,

-- i T : ;I _ _. ,_ °r_i'_q % / :[ =r,'3 I

- .i_ '"''/' '_ °"'

'-/--L "- ., - low BTX; ff

.,_. IowPCE; -" -
- _ mod.chloroform

ltl

:__ ,, ,,_,_, :d. ,_. @32: '%. 44· - IowPCE "' -/'

z_o :z5 34 {_/ 18
&'

, ' _ / "'---_,. j __. mod.TCA; @35,36:[
i .: pot ;_Jn_ a:eo-. mod.TCE; IowTCA I/_i/ , ..:. _ ,8o i mod.POE _oo _ .,-

i .... @20,21-
/=°4_in_' or,o _? _ Iow BTX;'_ " 46 mod. PCE

- :' '!1 / - :./ : /'_- o,.,ing 23 @24.25:( / i = o,-i,,,. 26,27 i" -°' / mod. PCE
_- +' '_ I i ,j

/z
; ........ ' ' :Ii p=rki"q /;/.. ,,o _ll.... '_?

_t

-- Legend:
· _ \ ', parkin 9 =r==

_[ !Or[' ¢Sm_ r_. $Orvi yor re,

SOIL GAS COLLECTOR LOCATION _, ..... - ...... -i

! '-: :;/ × i
' .,; Figure 4-5

LOCATION / ;/ .... ]
_ Z'i ' I ' SOIL GAS SURVEY

-- Sample wire numberindicated at each location - . . "=- _-°. co..._ f_,. MAJOR DETECTED CONSTITUENTS

! "' '; -'" "'"i // i. -' [ ' --.'_ -'7 / ;_= ---
_ZI

I



TABLE 4-5

Relative Ranking of Soil Gas Survey Constituents

Freon
BTX TCA I1 or 113 TCE PCE Chloroform

1 [ - - - Negligible -
_,,.., 2,3 V. Low V. Low V. Low - Negligible -

4,5 I - - - Negligible -

6,7 V. Low V. Low V. Low - Negligible -
_- 8 I - - - Low -

g V. Low V. Low V. Low - V. Low -
41' NA - - - Negligible -
42** NA - - - V. Low -

_'_ 10,11 V. Low V. Low - - V. Low -
12 V. Low V. Low - - Negligible -
13 V. Low - V. Low - Negligible -

_, 15,16 V. Low V. Low V. Low - V. Low -
17 I - - - Negligible -
18 I V. Low - - V. Low -
43* NA - - - V. Low -
44'* NA - - - Moderate -

19 V. Low V. Low V. Low - V. Low -
20,21 Low - Moderate+ - Moderate -
Z2 V. Low - V. Low - V. Low -
23 V. Low - V. Low - V. Low -

_ 24,25 V. Low V. Low V. Low - Moderate -
45 NA V. Low - - Moderate -
46 NA V. Low Low+ V. Low Moderate -

26,27 V. Low V. Low - - Negligible -
28 V. Low V. Low V. Low V. Low V. Low -

30,31 Low - - - Low Moderate
32 V. Low - V. Low - Low -
33 V. Low Low V. Low - Moderate -
34 V. Low V. Low V. Low V. Low Negligible -
35,36 V. Low Low - V. Low Negligible -
37 V. Low V. Low V. Low V. Low Negligible V. Low
38 V. Low V. Low V. Low - Negligible -

_' 39 V. Low Moderate V. Low Moderate Moderate -

40 Moderate - - High V. Low -

NOTES:

Analyses are grouped according to location at the JPL site.

* = time trial sample.

** = time trial sample.

+ = probably not real.

I = interference from organic materials emitted from conifers.

Negligible = for PCE only, ion counts (not background corrected) >0 and <=5,000
V. Low = net ion counts >0 and <=5,000

Low: net ion counts >5,000 and <=10,000

Moderate = net ion counts >10,000 and <=50,000

High = net ion counts >50,000

NA = ana!yte not investigated
"-" = below detection limit

_ Freon 11 = trichlorofluoromethane

Freon 113 = Trichlorotrifluoroethane
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Constituentsdetected in the soil gas survey do not match well with the

constituentsdetected in the underlying groundwater. It is probably

unrealistic,however, to expect that the groundwatercontaminantsat 3PL

couldmigrateto the surfacein great enoughfluxesto be detectedin a soil

gas survey. Most of the Petrex case studies concerning groundwater

_- contaminant plumes were conducted in areas where groundwater was

significantlyshallower than it is at 3PL. It is more likely that the

constituentsdetectedin the soil gas are locatedin the near surfacevadose

zone. Data from the soil gas survey alone are not sufficientto determine

whether those constituentsrepresent remnants of wastes that have been

flushed to groundwater,or whether those constituentshave not yet reached

groundwater.

4.4.1 QualityAssuranceand QualityControl(QA/QC)

Severaldifferentapproacheswere taken to ensure that resultsfrom the soil

gas survey are representative. Two sets of time trial test sampleswere

analyzed to determine whether the activated charcoal on the collection wires

had become fully equilibrated with the soil gas. Results from the time

trial tests (Appendix G) indicated that the wires had reached equilibrium

and could safely be removed after 3 weeks. The sample collectiontubes,

however,were left buriedfor an additionalweek to be absolutelycertainof

equilibration(4 weeks is typicallythe maximum lengthof time that Petrex

usesfor sampling).

Concentrations(in terms of ion counts) in the Ebasco duplicate samples

(wire number 22 and 23) compare favorably and show that sampling and

analyticalprecisionis withinan acceptablerange. Petrex used some of the

duplicate wires in the l0 duplicate wire collectorsfor calibrationof

analyticalinstrumentsand the remainder to measure analytical precision.

Again, differences in the concentrationsin duplicate wires are within

acceptablelimits. The methodologyof determininganalyticaland sampling

precisionof the Petrex soil gas wires differsfrom other analyticalmethods

in that a true duplicate(i.e.,a subset or "split"of a sample)cannot be

taken. Instead,a separatesample has to be used. Typically,the precision

of the Petrex system is about 70_. The 30_ variationis attributedmainly
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to small variations in the mass of activated charcoal attached to the

wires. Analytical precision accounts for only about 5_ of the variation

(pers.Comm. Petrex,Inc., lggo).

Analysis of the 2 travel blanks (wires 47 and 48) showed very low concentra-

,_ tionsof BTX compoundsand freon ll or freon ll3. As discussedabove, some

compounds such as freon are very diffusive and ubiquitous in urban environ-

ments and consequently are commonly found in trace amounts in the samples

and travel blanks. The concentrations present in samples 47 and 48 do not

warrant concern.

In summary, all of the tests used to evaluate procedures used during

.... preparation, collection of soil gas, transportation, and chemical analysis

indicate a successful soil gas survey.
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5.0 HAZARDRANKINGSYSTEMSCORE

Followingcompletionof the ESI, a Hazard RankingSystem (HRS) score (using

! the current model) was computed for 3PL. The overall HRS migrationroute

! score (Sm) is consideredthe HRS score and is a compositeof three separate

migration pathway scores; groundwater (Sgw), surface water (Ssw). The

migration route score air (Sa). The migration route score is computed as
follows:

_/Sqw + Ssw + Sa
Sm 1.73

The overallHRS migrationroute score and the individualmigrationpathway

scoresas computedfor JPL are summarizedas follows:

Sm (weightedoverallscore) = 38.3

Sgw (groundwatermigrationroute score) - 65.0

Ssw (surfacewater migrationroute score. 7.4

_'_ Sa (airmigrationroute score) = 0

Detailsof how the overall HRS score and individualpathway scores were

computed are presentedin Figure 5-2 through5-5. Figure 5-1 is a cover

sheet associated with the HRS.

Data gatheredduringthis ESI and the PreliminaryAssessment/SiteInspection

(PA/SI)of 3PL conductedby Ebasco in lg8B (Ebasco,1988 a,b) was used to

completethe currentHRS score. The preliminaryHRS score tabulatedduring

the PA/SI process has not been changedafter evaluatingthe data collected

duringthe ESI. What was anticipatedduring the PA/SI was confirmedduring

the ESI.

The HRS score of 38.3 is above the 28.5 level for considerationfor the

NationalPrioritiesList (NPL). The score for the groundwatermigration

route categorydominatesthe final HRS score. Resultsobtainedduring the

ESI support the conclusion that there has been a release of hazardous

materialsto the groundwaterat 3PL.
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Fac_y_:,_ NASA - JET PROPULSION LABORATORY

_ca_,: Pasadena, CA

_Am_ IX

-- pw_m_)__m_. ....Pamela Cooley, Environmental Safe;y. Group

Occupational Safety Office

N__. Ebasco Environmental Da_. April 11_ !990

Six seepage pits were used in the past for disposal of chemical

wastes_ such as solvents_ mercury_ sulfuric acids, and cooling

tower blowdown. Municipal water supply wells; 1_000 ft. downgrad-

ient_ have been shown to have elevated levels of TCE, PCE, and

CCL 4.

-- ___SM-38.3_g.-65.gsm.- 7.4.Sa- 0 )

s_- 15.2

SDC" 16.6
[ i, t [ [I II , I .,

Figure 5-1
HRS COVER SHEET



_rouncl Wafer Route Work Sheet

I '' tlg_e 4_ ll/''/I)e 1 'ultJ"' t I I_'If' I R'"
RAting Factor (Circle One) plier Score Score (SeoUon}

I1_ I i i I i I I II

® I I -_. i:_ Observed Relume 0 1 45 45 31

If observed releaJe II given a _c_e of 45 proceed lo line !_1

If observed release is given a score of 0 proceecl to line

_'_ Route Ctmractedstics 3.2
Oepm to Aquifer of 0 I 2 3 2 8
C4ncem

_'_ Net Precipitation 0 I 2 3 1 3 '
PermealMl!ly of the O I 2 3 1 3
UnsatumtK! Zone

Physic,ti State O I 2 3 1 3

i .Total Route Characteristics Score 15

_ Containment 0 1 2 3 1 3 33
II I I I I i I

r_ Waste Characteristics 3.4
A

Toxicity/Persistence 0 3 O 9 12151_ 1 18 18
Waste 0 I_'_ 3 4 5 8 7 8 1 2N&zarc]ous 6

Quantify

,u , i i,,i , , , ,

[_] TArgets 3.5

Ground Water Uso 0 I (_) 3 3 2 9
Distance to Nearest } 0 4 6 6 10 1 /40 40

Well/Population i 12 16 18 20/..Served 24 30 32 35 (_

1.... Total Targets Score 42 49

IM ,film. El ie45 multiply [] x El = [il 45 x 20 × 42 37.800

If.noEl L,0 ,.ul.iplyEl = !_ =E3· _ sT=o

["_ Divide line [_] by 57.330 _ multiply by 100 Sgw ' 65 9

Figure 5-2
_'"'_ GROUND WATER ROUTE WORK SHEET



.. , i
i

Surface WaterRoute Work Sheet

I AssignedValue I Multi- Sc,Ore! M=_. RRating Fac:or (Circ!aOne) plier Sc=re {$echon)
iiim

_ ITl ObserveclRelease (_ 45 1 0 45 4.1

If observed release is given · value of 45, proceeclto line i_1.
_, If observed release la gh'ena value of 0, p/_ceed to line

[_ Route _ctedatics 4.2

Facility Slope and Inte_ening 0 1 2 (_ 1 3 3_ Terrain
1-yr. 24-hr. Rainfall 0 1(_3 1 2 3
Distance to Nearest Surface 0 1 2(_ 2 6 8Water

_'-' PhyelcaiS_te 0 1 2 (_) 1 3 3

i. ,111 , ,,1 i,

Total Route CharacteristicsScore 14 15
im i,

[_] Containment 0 1 2 (_ I :3 3 4.3
.

"_='_ I_] WasteCha_'acterlstlcs 4.4
ToxlcitylPerslstence O 3 6 9 12 15(_) 1 18 18
HazarclouaWaste 0 Qi2 3 4 5 6 7 8 I IL 8
Quantity

· ,,, ,,,,,

'_ I To_ Wa41tte Crle'ra[em_e rlstig*_qeJ ' {_"°r e.... 19126

[_] Targets 4.5

_'_ Surface Water Use 0 1 (_ 3 3 6 9
Distance to a Sensitive i_) I 2 3 2 0 6Environment

Population Serve<l/Distance _ (_ 4 6 8 10 I 0 40,_ to Water Intake 16 18 20
Downstream J 24 30 32 35 40

!
m "'"'" · m ,I,,I U

_ } Total Targets Score 6 55
I ,. ,i i l.

[] If line ITl is 45. multiply IT] * _1 x !'_
_.. If line ITl is 0, multiply _ * i"_ X D * [_] 4,788 64,350

[:[] Divide line [] by 64,350and multiply by 100 Saw "' 7.4

'_..l Figure 5-3
SURFACEWATERROUTEWORK SHEET



,,. ,,.

Air Route WorX Sheet
J , ,,, ,

Rating Factor (Circle One) ,plier _ Score, Score tSection)

I I I[_] Ot_sewe_ Release (_) 45 1 0 45 $.1
V

Date and Location:

Slrnplin0 Protocol:

If line _] is 0, _ Se - 0. Enter on line__[_].

If line I"_ is 45 _hen proceed to line 121.
,,. ,.

[] Wute Charactertstt=s 5.2

Reactivity I_ 0 1:2 3 1 3
_,. IncomDafibi[i'ty

Toxicity - 0 1 2 3 3 9
Hazzu'0ouaWute 0 1 2 3. 4 S 6 7 8 .1 8
Quantity

' t To_ V_a'te Ch=l }_l_'_eJ'_st_' Sc°re 11 20
2 " ' "' ' '"

_. [] Targets 5.3

Population Within- _ 0 9 12 15 18 1 , 30
a.-Mile Radius J 21 24 27 30

Distance to Sensitive 0 1 2'. 3 2 6
Environment

I._ndUse 0 I 2 3 1 3

i i ,

· ! Total Targets Score 36
,,, iI , · ,

Multi yffi =E] x ITl
I

[] Divideline _ by 35.100 and multiply by100 S a - 0

Figure 5-4
--.__ AIR ROUTEWORK SHEET



m

_._ GroundwaterRout, Sc=_reCSgwi 6.5.9 4,342.8

Surface Water Route Seem (Siw) 7.4 .54.8
i,

Air Route Score (Sa) 0 0

-. S2 4 2 2
gw Saw + Sa 4,397.6

,._--_" Y Sow + S_ + Sa 66.3

Figure 5-5.

WORKSHEET FOR COMPUTING SM

°



6.0 REFERENCES

AgbabianAssociates,1977. SeismicStudiesfor the Jet PropulsionLaboratory

Facilities, Parts I. II. III.

Crandall,Leroy, and Associates. 1977. R_port of SubsurfaceInvestiqation,

Overall Investiqation of Geology, Soils and Seismic Hazard, Seismic Safety

Plan, .Jet propu)sionl Laboratory site, Pasadena, California, for the Jet

Propulsion Laboratory.

Crandall,Leroy, and Associates. 1981. DewaterinqHell System, Buildinq

150, Jet Propulsion Laboratory, La Canada-Flintridge. California.

Conrey,B. L. 1967. EarlyPlioceneSedimentationHistoryof the Los Anqeles

Basin, California. Special RepOrt 93, California Division of Mines and

Geology.

Converse,Davis and Associates. 1971. Geoloqic Investigationsof the Jet

Propulsion Laboratory, Pasadena, California.

Oriscoll, F. G. 1986. Groundwaterand Hells. Second Edition, Johnson

Di vi sion.

Ebasco Environmental. 1988a. PreliminaryAssessmentReport for NASA - Jet

Propulsion Laboratory.

Ebasco Environmental. lgBBb. Site Inspection Report for NASA - Jet

Propulsion Laboratory.

Ebasco Environmental.1989. HydroqeoloqicEvaluationof Arroyo Seco in the

Vicinity of 3et propulsion Laboratory, Pasadena, California.

GeotechnicalConsultants. 19B2. Untitled set of notes and correspondence

concerning drilling and installation of monitoring well MH-O1 in the Arroyo

Seco for the City of Pasadena.

3961E 6-1



GeotechnicalConsultants. 1989. InterimReport,Evaluationof Groundwater

_ QualityUpqradientof Qet PropulsionLaboratory,Pasadena,California. U.S.

ArmyCorps of EngineersContract.

Hvorslev,M. J. 1951. Time Laq and Soil Permeabilityin Groundwater

' Observations. U.S. Army Corps of EngineersWaterwaysExperimentalStation

Bulletin36, Vicksburg,MS.

Malley,M. _., W. W. Bath, L. H. Bangers,1985. A.Case History: Surface

_ StaticCollectionand Analysisof ChlorinatedHydrocarbonsfrom Contaminated

Groundwater. Presented at the NHWA/API Conference entitled "Petroleum

Hydrocarbonsand Organic Chemicalsin Ground Water: Prevention,Detection,

Restoration",November13-1S,1985,Houston,Texas.

Montgomery,James M. 1986. Untitledletter reportoutlininghydrogeologic

data and contaminationas reportedby previousinvestigations.

Nagler,L. C. 1985. HatermasterServicein RaymondBasin, July 1, 1984 -

June 30. 19B5. State of CaliforniaDepartmentof Water Resources,Southern

_-_ District.

RaymondBasin ManagementBoard. 1985. AB 1BO3 Water Analysis Plan for the

Raymond Basin.

Slade, R. C. 1984. PreliminaryHydroqeoloqicAssessment of Soil and

Groundwater Monitorinq at Jet Propulsion Laboratory, Pasadena, California.

Smith, D. P. 1986. Geoloqyof the North Half of the Pasadena Quadrangle,

Los Angeles County, California. Open File Report 86-4 LA, California

Divisionof Mines and Geology.

3961E 6-2



_eB

w

_.,_ APPENDIXA

Boring Log and Nell Completion Forms



.... EBASCO ENVIRONMENTAL
WELL NO. MN-3

PP,(XJECTJF_..ESZ 13:iZLLHOLEDI/CHETERHn) .f5. 75/9. 875
LOCATION PaSa/;/en_. California GROUNDLEVEL ELEVATION (ft) ....l_fO0

.._ GEOLOGZST/ENGTNEER M, OutJer. T. Tomczvi_ TOTAL DEPTH OF HOLE (fi) 730

DRZLLII_ CDHP_ Bey)Sic D_PTH TO HATER (ft) J30.50

DRTLLZNG METH00 /_/g Flptarv DATE (start/finish) 1-tl-90 to t-24-90

, d

_ NELL/BORING _, .J m DESCRIPTION AND NOTES

- 0 ! ,,_./_ /", _ ._. iSP SAND. NULTTCDLDP,ED
3:, ; ; _: meaium Lo very coarse grainefi w_tn a_unoant gravel.· O O

*" _ _ '" .... N -- preaomtnan[]y quartz an_ feldspar. --.Q ,4=

'..'Cq q ,.'[ BOULDERS -

. _0 5:_e .< e< ie'_: _ granitic, rounaecl, up to 2 ft tn aJam. .

.'._C,; [; _ iN meatumto very coarse gratnefl wltn auunaantgravel,...... preaominantiy quartz ann fe]aspar.

_. _:; · .. BOULOER -o. granitic. .

,.. , SP SAND. NULTZCDLORED
· i o · -e

- '< '< 0 0 !N .- i'/: f meaium to very coarse graineO w_th al3unaant gravel.-_ preclamtnant]y quartz ana fe]clspar. --

b O_ (ariZlea J5.75 tn. hole to 22 ft.; set conauctor :

-30 k; [.; 3-t . . pipe; cantinuecl arilltng with g.a75 in. Dit)
/_. /_. ._._+-NL ('soi]-3-$ collectea aL _. _0 an J-$7-g0) --

.''------ SAND. NULTICOLDRED
<_ <_ 0 '0 N --'--'--.' mecItum tO very coarse gratnea w_th scatterea gravel-_

'_ - q q %--:--._- preaominant]¥ Quartz aha falclspar.
. .< -< , ,,' ', Sp -

. 40 o; .o; ?._ :'_ SAND. SILTY. LIGHT BROWN

_' _ Z_ 0 0 N .... ', scatterea gravel --· ®ee *
· , · I ·

iI IP · · ®

' _.:rio
_'- - _'.':' mea_.umto very coarse grainea Ntth some gravel. -

-- _ '< '< _ 0 0 N .... , preaDm_nant]y quartz eno felasl3ar, Dccas_ona! --
_ ,,. ........ _PBII] f _C CDI_h]P.S.

&.; &.; '::: BOULDER .
' BO L ,_ z_ - ·

"_' - i ';' '; ' _' SP SN_ID. !,Q..LTI-COLORED .

_ ::.:: medium Lo coarse gra_ne(I _ith some gravel.I ;0 0 N -- subangular Lo suDrounaea, re, thin lenses of --_ , m
, ,.

[ '< '< _,;, clayey SilL.

' 70 , ._ · I 2;_ _P SAND. MULTI-COLORED '

' _ /_ I __! _:;:: fine to very coarse grained _Jt.h abunaant grave_. --- ; . . I i0 O N subangular, poorly sorkecl.
' , lee _ -

-eo i. .. ,;.'._ SP SAND. NULTZ-COLORED .
' ' "'- ftne to very coarse gratnecl #Jtl_ fe_ granitici ® _e a

' J _ _ I0 0 N --'2... cobbies or boulaers.
- : &.; &.; :...

q q _.-- SANQ. NI.LTZ-CCLORED

' <3 q 0 0 N -- ,?:..:., medium Lo coarse ore,nee, w_th abunaant, gravel. --
"-" _/ preaomtnant, iy Quartz ana feIaspar. :

' _. _, -3_- 3-_/\ ("so_l-3-2' collectea at _. 35 on $-17-90) '_00.... _ _



EBASCO ENVIRONMENTAL
WELL NO. MN-3 '"' ....

PRO,JECT . _ £SZ DRILL HOLE DIAMETER (in) t5 75/9 875
LOCATION P_$_na. California GROUNDLEVEL ELEVATION fit) ltO0 _

GEDLDGZST/EHGINEER M. Cut]er. r. romczvl_ TOTAl. DEPTHOF HOLE fit) ....7__0
DRZLLTNGCOMPANY Bev]S# DEPTHTO HATER fit) $30_50

DRTLLTNGMETHO0 Mud Rotary DATE (start/finish) 1-11-90 _o 1.-2_-90

_: _/eonxm -= OESCnzp_oH_ NO_Sc_z_ m >' _ _,o

-lO0 - - -- _ -_ sP s_o. _TX-C_ I
· ! meeiumto coarse grainea .tin trace gravel -
' I *

I 0'0 N -- --

--- aaeius to coarse graineO w_tn trace gravel. -

- 0 oi. -_*,_ I,_0 SZLT. _AYEY. LZGI'IT BROMN
,_ ',

· 120 .:,,.---__ aaJu_n .
,*;_'ISP WAND.NULTI-C{LDRED '
· i

·."-[_-r_,-- menium to coarse grainea with commonlight tlrown.... 0 0 iN clayey silt to saney silt (-2510.

· 130 _ ',.= .__!SC SAND.BRO_ _:
--' meeium to coarse grainee with abundant I_rown '

- _ 0 0 N -- '-- clayey to sonny silt. percentage of silt --
.__ increasing (-5010.

· --. (hole angle: O.12fi O,egreesl -- _
140 _ .--!SC s_o. cc_YE_, eaOXN .

-- --' very fine to coarse grainee, large amount of clay· 0 0 iN ann very fine senn matrix (-7010. occasional '
._ granite noulOer.

· 150
· -- SC SANO, CLAYEY. BROMM

very fine to meniumgra_nen, large amount of clay -

- '_ .-. t.'- -i_' 0 0 iN -- ann very fine sane matrLx, occasional gravel ann --·_ coarse sane. .

SANI3.CLAYEY.BIK]Mq
': __ --' very fine to coarse grainea, trace gravel.0 0 tN becoming coarser grainen, silt ann clay matrix. -- ._,

· , _ _ [", ---
170 i" ----!."' _ · SC mXA.Deq -

_ :": -- I':; _ -_ --' SAND. CCAY_Y. BROIdN

- _--J i:i' I.: -0- 0 'N -- ----'. fine to coarse grained, occasional very coarse ---__ _.:-. _ ._ sane aha gravel, silt and clay matrix. .
I

· I _ '.% --t,'. _'

180 ;_- '"--l': · SC SAND.CLAYEY.BROM

:. --' fine to coarse graineO, trace gravel, clay ane- .'.: 0 0 N -- '-- vary fine sanO aatrix (-2010 '
(fi 5' --' .

F c_rse gra inP_. clay

· 1_0 "" '" 2 ·--SC SANO.CLAYEY.BRDI_-N_TI-CDLORED
' --' fine to ane silt matrix ('t5_1_ _.__ _, , .-oo.__ ,:._00 -L- -- 3-3 _.____ (*soil-3-3' collectoe at t_ ODon _-18-90} __



EBASCOENVIRONHENTAL
HELL NO. NH-3

PROJECT JPL ESI DRILL HOLE DTAHETER fin} 15.75/g,875

LDCATIDN P_$_lena, Ca$Jfor'nSa GROLJNDLEV_ ELEVATTON [ft) __I00

6EOLOGZST/ENGZNEER M. _:UtSer', T. Tomczvk TOTAL. DEPTH DF HOLE (fi) ,,..730 ,

DRILl. INS COMPANY Bey/_k DEPTH TO HATER (ft) Y30.50

DRZLLZNB FETHI_ Mhd Rotary DATE (start/finish) _-t_-90 to t-_,_-90

L

a _' WELL/BORING _ _1 m DESCRIPTION AND NOTES

J

_ - --' very fine to coarse grainea, clay ana silt matrix -
-- _ ,_ .d O O N --_..-- C'35,_).

. ,_', ,,_= .-
_ ' _JO i _ _ _E --- -qC SAND. CLAYEY, BROk_I-HULTI-C_ra_ORED

- '/ '/; --' fine t. meaium grainea, occasional grave! ana -
- 0 0 N -----_. coarse sana. -

' _ ; ' -- very fine to coarse graineO, anunoant clay anO
' "' '" 0 0 N -- __--. sill matrix ('50_0. occastona! gravel. '

' _ I:-., ,;..'., --'T_'_:_3o_'.,.;
- _ '.- "':.· -- SC) SAND. CLAYEY. BRONN

i'_ _". , :': --' very fine to coarse graineO, clay an; silt matrix -
- _ ? :.' O O N --._.--'. [-40_S. -:

_ . ._ii:!! " ---7.=240 _'_'! ,;:"Ii ,/ _ _'_1SAND.CL_YE:Y. _qONN :

i :'-' _ 0 0 N --_ ar_ silt F'7oz).
' --' very fine ko medium g_aineO, cullings mostly clay

- _i..-., :.- ._
, _ -- _-

_5o '"'::',_ ::',' _ ._ s_o. a,_. .._· i

J very coarse graineO, trace grave), very

_ · fine Lo
- '-:----'-: 0 0 N --I'-- abunaant clay ana sill matrix ('75_). --

'.::-- i:: ._
-- '.' --- (mole angle: _ aeo_ee)· , _ %

L260 '.'----'.' sc! SAND.CLAYEY.BnONN
--' very fine to coarse g_atneO, trace gravel, very

::: ';:'. ---7

-270 _ I'_ "_*_ " -- SC SAND, CLAYEY. BIqDNN '

- io O N -- __--_. clayey silt matrix, some silty clay present. --

,_ -_eo_ _ i_, _ -'
._ _ -' ,,,y +i,, _o,,o_u,g,,,,,,. ,,u,oa,t =l,_ ..o

, -- .._ _ _ _ '0 0 N ----"_'__._ sill 'Lrtx' °ccasi°nal coarse sana an" gravel' --.

_, '_-_,_I_' · -- sc s,Na c_,_EY.S,O,, -29O

. I_ I_ --' very fine to meOium gpaineO, aDunOan[ clay ano

- i_ _i _0 0 N --__--'. silt matrix, occasiona! coarse sang ano gravel, ''_- i 3-4 ._.-'? ('soi1-3-4' colleckeO at 8:35 on _-lg-go}
:3oo i . __



EBASCO ENVIRONMENTAL
WELL NO. MW-3 _'_/

PROJECT ,JPL ESI DR.T_ HOLE DT,U4ETER fin) .*5.75/9.B75

LOCATION Pasadena. ga]_for'nja GROUND LEVEL ELEVATION (ft) tlO0 _J

GEOCOGIST/ENGZ_ /4. OJtSer. T. TomC_Tyl: TOTAL DEPTH OF HOLE (ft)

[_qILLING COHPANY _v]Jk DEPTH TO #ATIE]q (fi) .f__..50

DI_I_ HETYd)D l_ucl Flotamv DATE (start/f_n_sh) $-$$-90 to s-2_-g0 _

a.'" NELL/BORZNg ·
:m DESCRIPTION AND NOTES

= COHPLETION _ X i_[/)_o o B
i.1

3OOm

-F -- T .-sc ,.. _,.,.
0 0 N matrix ('45_g). occasional Ooulaers. '

.-- fine to coarse grainea, common silt ana clay

- ---_ l
/

_3_o _ _ -_
· -- SC S&NO. CLAYEY. BRONN

= 0 0 N--I .arr,x (-45_a. occas,onal _ou,aers. -_ _,
. --' f_ne _o coarse gra_nea, common silt aha clay

-_'2' ._

=320 _ /_z ___ --'

" _ ::' i::i --- SC _lkNn. CLAYEY. BRONN- .: -- · f_ne Lo coarse graJnea, common silt and clay ......
- _ -' · '_ 0 0 N -- '-- aatrix ('45X) occasional bouloers ana gravelm " ":i ' '

-330 "
' _ ':: ':: ----_ SANO.C3._Y_Y.BtU)aN

' i. -'340 _:.: :: _ --_ S_,ND.O._Y. BROXN _'_
':: ' ; _ --' very fine to coarse gra_ne_ sanO eitn s_lty cZay -

- _ _ 0 0 N -- _. matrix ("4_1.

._J m

L_5o .** -*- '_
: ---- ' __ SC S_. CLAYEY. BRONN --

:-- ':': --' very f_ne to coarse graineo sang Mtt_ s_lty clay -

- :., .i o ;o IN -- -- aatrix ('45_). occasional gravel. _ '..' · i _--'-_. _
o°-i-360 :'
·.') ; _.'2.t_d3 SAbl3,CLAYEY. BIqDMN -

i'!. ...."_ .....'.., fine to coarse gte,nee .ith silty clay matrix

- _ '_ __. O 0 N --,,,:- (-55_). occasional very coarse anOarmgravel.

· -- SC S_ND.NULTZ-COLOREO
_, --' neaiun Lo very coarse gratneO, minor amounts or

- u _ _ 0 0 N '-- l_rom silty cZay. predominantly quartz one felaspar_
--'1

_380 _ _ ,-."_ s_m.c_,YEY.8,o.,
: _ _/ _ __ -'-,! f_ne_o,erycoa_seora_neasana._,s_ryc_ay : _.,

'/ _ 0 0 N -- clay. occasional gravel.

· _/ _,_ 3-5 X .'T'._.._ neaium to very coarse grainea, minor =roan silly --_'_'
_-400 ,/, /, ---- .----- ('soil-3-5" collecteO at i_ 30 on l-tg-go) - _



,..__ EBASCO ENVIRONMENTAL
WELL NO. MN-3

PROJECT _ ESI DRI_ HOLE OZAHETER (in) 15.75/g.875

LOCATION Pasadena, CaJJfot'nia GROUND LEVEL ELEVATTDN (ft) 1100

GEOLOGIST/ENG[_ H. Cutler'. T. Tomczvk TOTAL DEPTH OF HOLE (fb) 730

DRZLLXN6 COMPANY _ey]jk DEPTH TO HATER (fi) .130.50

DRILLING HETHOD _cl Rotary DATE (start/finish) t-I_-90 ed I-£.!-90

_g NELL/BORING _ i_ DESCRIPTION AND NOTES

_ o CDHR.ETZON _ o

:-400 -- i -- '1.--_.sc SANO.CLAYEY.aqO.N
'_ . I I0 0 N -. .-- fine to coarse graineO sand with silty clay matrix.:

. I . _ r_-_z_· .
--. (hole angle: 0.75 degrees)

' 4t0 i' I --- SC SAND. CLAYEY. BRONN
- --' fine to coarse grained sanO wit. In silty clay matrix -

- { I0 0 N -- _ ['35%). --. __ BOULDER .

'" '420 I, '-- SC SANO. CLAYEY. BRQNN
i , ! --' fine to coarse graineU sanO with silty clay matrix -

i !0 O N -- '-- (-305;) becoming coarser graine0 '-- I _ . * ,

! !0 0 N ['30Z). becoming coarser graineO.

' 440 !

I ,,_j.i:i:i sF SANU..,.T_-CeCeRED __

. _ ,d 0 meaium to coarse graineO, trace silty clay,
_' m _ ; 0 N -- occasional gravel._R_JLOER

. _, E

450 _ _ ,:::: Sp s_.o..ULTZ-COLOa£O· ' L.'.' medium to coarse graineO, trace silty clay.

m _ 0 0 N --..:.:., occasiona] gravel.-- _ _ BOULDERS.J

m '.'.'o ei

.-460 _ .-- sc s,u_)._LTZ-Ca.OREO :
',_ ' ._-- medium to coarse graineO, some silty clay (-15Z) :

' 0 0 N --__. occasional boulders. -_

m

-470 sc s_. CLAYEY.BROWN :
--' fine to very coarse graineO with silty clay ('25Z),-

-- 0 0 N -- . occasional gravel. --_

-- · BOULDER

.;-480 · -- SC SAND, CLAYEY. BROWN '.
' --' fine to very coarse gratneO with silty clay matrix
' 0 0 N --__'-- more preOomtnant ('60Z). -:

.... BOULDER

_ -490 ' SP SAHIB. CLAYEY. BROWN --:{?it' fine to very coarse graJneO with silty clay matrix
: I 0 0 N -- more predominant ('60_). -

X _e ·

' · · m

"_ { 3-6 L:' ('Soil-3-6' collected at lo: Od on 1-20-g0)
-500 -- -



EBASCO ENVIRONMENTAL
WELLNO.MW-3

PRCXJECT ,JOL ESI DRILL HOLE DI_4ETER (in) 15.75/g. BTD

LOCAT"ZDN P_c_dena. Ca]Jfor'nJa GROUNDLEVEL ELEVATION fit) tt00

GEOLOGIST/ENGINEER M, O/t$ee. T. TomCZVI_ TOTAL DEPTH OF HOLE fit) 730

DRILLING COMPANY _evlJk DEPTH TO WATER fit) 130.50

DRILLINGKETHOO Y4J¢IRotaev DATE Lgtart/flnlsh) l-Il-g0 Co t-_4-90

,._ NELL/BORING m _ DESCRIPTION AND NOTES

_ 500

-- sc S,NO..-,TZ-cocm£n

O 0 N -- ' _._
.--_. trace Droffn silty clay. trace gravel.=
--' meOium to coarse graineOo silty clay aatrix ('60Z) -oo. ....

Y, j_-- BOULOERS

oo.-- .':-:. fine to coarse greineO, silty clay matrix ('2b'_. L_:

_ _, _, _ --
' _ _ % s_. _,_Y. _o_
L _ _ _'_,= o o , ---+-- fine_ coarsegrained,silty claymatrixrso= =

I _, _1 ;:'Z_'_ (nolo angle: ,.,25 oegrees3 '
540 _ _'"'+'2HL SILT. CLAYEY. BRONN .

o:°' ':'1 -_b',_.Z'._,_ Silty clay. occasiona, to co.on .e_lium

: _ '' 0 0 N ..... to coarse sanO present ['t0-15_J. rare gravel. '

:, _.-+.-:+
·: -----._ -- _'_

;:' '-- SC SILT. CLAYEY. BRONN' Silty clay. occasional to common meoium -
'~ ." 0 0 N --_'--. to coarse,unO present ('15_). pare gravel. --

_ :'--'" _ -- -__:- 560 '.': -- .**

i!:,:.i_):isP 5N_3. CLAYEY. NUI.TI-__0RED

' ': -- _ '' me0ium to coarse greine0, silty clay present
:---::' _ 0 0 N -- (-40_1.

. ".:- 570 ... ..: .'2.'.Si:) SAND. NULTI-CD. ORED

' _:,,:.:: meOium to coarse graine0, preoominantly quartz:- _:: I': 0 :0 N -- anO feldspar, minor silty clay present (-25_0. -
. .-. _.-.

:r580 _ _ L:.'_, ,,
"iF ·-- iSC SN_3. HULTI-COLORED

. ,.H // --- medium to coarse graineO, praaominantly quartz
_- 0 0 N --_. anO felOspar, silty clay increases to ('20tO.

_ _ -.

l.., .. ± _-" ,,. ,,,_=,o
/ --' meoium to coarse graineo. Silty clay aatrix [-40_) :x___

_/ 3-7 ('soil-3-7' collecteO at 22:35 on 2-22-901



EBASCOENVIRONMENTAL
HELL NO. MN-3

PROJEC? _oL r_qr DRILL HOLEDIAMETER[in) $5.75/9.875
LOCATION Pasadena, Ca].ffor'n.fa GROUNDLEVEL ELEVATION (fl:) . _;¢00

GEOLDGZST/ENGZNEER H-. Cut Jer. T. Tomczv_ TOTAL DEPTH DF HOLE fit) 7_0
DRILLING COMPANY 9ey]Jk DEPTH TO HATER (ft) t30.50

DRILLING HETHOD /aJd RO_,ary , , DATE {start/finish) t-tt-90 to 1-2_-90

d

o._ NELL/BDRING -J _,-- = DESCRIPTION AND NOTES

_ CDMPLETION m o>_ _

_ _0 0

- m 0 O N __,5. meOium tn coarse graineD, silty clay matrix (-3011
. ,/, _ ':...

'"
meOium to coarse graineO, silty clay matrix ['15Z)

- _7- 0 0 N ....
\ . ,- ,-. ....
-- . _ :. ... :.::

620
:' " SC SAND, MULTI-COLORED
"' ' --' medium to coarse graineD, silty clay matrix ('15_;) .'
;:'. :.' 0 0 N --

-- _ .:.' ,... ----
· 630 _ ' ' -_u .' .". _S'C SAND.CLAYEY.LIGHTBROWN
· '_ .... --' nar_. medium to coarse grained, si2ty cJay maLrix _-
- "" : 0 0 N -- '-- {-_0_)._ _ '::. ... --. · .

.... BOULOE_
640 ': " -- '

_: ·--SC SAND. CLAYEY. LIGHT BRDHN
- .. --' hare. _a_um to coarse graineD, silty clay matrix -

_) ;:" _ 0 0 N --__--' ('SOLO. common boulders.
. _ :) ,:. _ .-

/_ e=_ _ ':' 'L _ --' CLAY. SILTY. BRONN

,_, : r.-. --' har_. fine to coarse gpaineO sane ,tt, silly clay

- . __1':: 0 0 N -- -----. aa/rix C'60]0. some aecnmposeO gran2te ('3-5_). --

--_v .- ,.- SC SANOoCLAYEY. BROHN '_
'_,- - .' i." --' na_. fine Lo coarse graine_ san_ with SilLy clay :

' :' O O _N -- ' -- aatrix ('7OW. common Unulaers. -_

_- .670 :.- sc _kND. CLAYEY. BIqOHN '_

- _ ..-. .:. .'-_. hare. fine to coarse gratne_ sane _ith silty clay __

. _ .'[' -{ 0 0 N --_. matrix ('60%1 commonnoulne_s. --
'_, _. ----. (hole angle: J.5 Degrees) _-

680 _ y, ' .-.- '-:

_._ _ _ :-,:,--.,:._ SANO. CLAYEY. BRONN '
.-'--.--- fine to coarse gratne_ sand with aaunaant silty '/, _ 0 0 N I__ .-._T_ clay matrix {'75Z).

- __ _ _, _ .'_'-._-

' _/ _. .-'..-._ some_e_iumto coarse graineO sand ('15_;). -
' _ _' _ :OLD. --"_-
- 700 _' 7,. _ _L _-_ :-:_ _.,oi_-a-..:,,_.=t.o .t _:aoo. _-_,_-.o) .. .,i i ii



EBASCO ENVIRONMENTAL
WELL NO. MN-3

PROJECT JPL ESl' DI:LI:LLHOLEDIAMETER(in) 15. ;'5/§.B75 ,
LOCATION Pasadena. Ca]Jfor'nJa GROUNDLEVELELEVATION{ft.) 1100
GEOLOGIST/ENGINEERN. Cutler. r. rOmczvk TOTALDEPTHOF HOLEfit) 730

DRILLINGCOMPANY BevlSk OEPTHTONATERfit) 130.50
ORZU.ZNG14ETHO0 MudRotary DATE (start/finish) t-II-90 to t-24-g0

_g NELL/BORINS -- DESOqIPTIONAND NOTES
o COMPLETZON _ _ _ _ _ 8

F- -.-700 _'//////.-- :"--'---.NL CLAY. SILTY. BROIIN
·_-._ some aeOium to coarse graineO sano r20_.

' 0 0 Pa -- ---,- commoneoulaers. ' _

- 7 i 0 7/'/////_ " '_'-;' _ '--'-,-'IML CLAY. SILTY. GREY .

- _ .'.'.----._;. somemeOiunto coarse graineO sanO ('15_. .
-- _ 0 0 N --.-r._.-.

.-.._.2._720 .;-'.+-,MI. CLAY.SILTY. _aEY

.-:-._ some meaiumto coarse grainea sano C'_§_. -

- 0 0 !N --'P_?_GfRGRANITE.LIGHTBLUE --' nape. preoominantly quartz,felOspae anOmafics '

· 790 _,_ _ _4o=. - _
-- [granitic basement encountereo* at T24 ft.$

I
i.i



\:

EBASCOENVIRONMENTAL
WELLNO.MN-4

PROJECT JPL ESI DRILL HOLE DIAI4ETER (in) 18.5/t£.25

LDCATZDN Pasadena. California GROUI_ LEVEL ELEVATION [fi) 1083

_._ GEI)LOGZST/ENGINEER ?. CurSor. Ar. Bp/.ne$ TDTN. DEPTH DF HOLE Ill:) 605

DFIILLING COI43ANY 8ev]j_ DEPTH TO NAT'ER fit) S08.6

DRILLING HETHOD Hu_1Rotary DATE (start/finish) t-3t-90 to £-6-90

_ NELL/BORIkG _,.,. -- _ m OESCRIPTZON 4ND NOTES
_ o COHPLETION m_ _ oX _ m

,i u

-° .:.. o-_ coarse-meoium grain, angular-suDangulap, poorly -'

:_ Sp coarse.meOium grain, angular-su_angularo pOOrly -

..... _ O; O; 0 N ,. _ sorteO.OERSloose, occasional gravel. _-

i_g'ai""__';' [';_1 I ..'.'.m (gl_rilieg to ia.§ ft. wJtll tB.5 in. I)i[; set conOuctor_-- . ;. pipe; continueO Orilling with 12.25 in. bill

._ _ ._:.lSP _NO, OCIVE-eI:IONN

q' q't 'i:_i i' coarse'meOium grain, angular-suDangular, poorly -
- i. i; V O 0 N -- sortea, loose, occasional gravel. -_-. '< I B_LOERS

L30

/_ . .:4 t SF _ND. NULTICOLOREB
_,'; coarse grain, angular-su_angular, poorly sorteo. ':_. - ' _, 0 0 N --, abunOanL bouloer fragments. --

=_ _1, i _;_ BOULDERS ',a_Zl0
Ii.< I 2.'._ SP SANI3. NULTICGLOREO .I ',i

.. , if';, O_i _ ?:: coarse grain, su,angular-angular, poorly sorCeO.
_' [-; [.ii 0 0 N -- loose, a_unaant gravel. -

· , !

" ._ , SI= SAN!3, NtJLTICOLORED
· '' _ meaium-coarse grain, angula_-suDangular, poorly -

i;._ _ 0 0 N sorte,, abunaant gravel.
u) i- --

'< I .i
._ o; m ! .::

LeoI L; ....
_'_ " I '_ _' '.'._ _P S_N_. 14ULTICOLORED -

. ;. _. _:.'_ meOium-coarse grain, angulaP-subangular, poorly
I ,_. _ 0 0 N --,.._:j sorteO, occasional gravel. --

m q' ..:

_- -70 ! .< -< , .

: '5::;':sP
. t.'- maOium-caarse grain, angulap-su_)angular, poorly '

-- O 0 N -- sorteO, occasional gravel, a_unaanL rock fragments--
lb _, (SChiSt).
;. ;. ::.'

-- -B0 _ _ - '

' ?' '?'i .'o-':.'2: l SP S_NO. HULTICOLO_ED ,
· _-.'. meOium to coarse grain, angular-su_angular, poorly

-- '< O 0 N -- sortea, occasional gravel.

"_ -go _.; _-; ' '
- r,. /% SAND. HULTICOLORED '

,![_ii SI=
. . -, aeaiun to coarse grain, angular-subangulap, poorly '

; · i0 0 N -- so,tea, occasional roc_ fragments. .
- q C3

--_00,-_ _ _/. -- 4-2 ';;.* ('S0il-4-2' collecteO on 2-_-go)



EBASCO ENVIRONMENTAL
z

NELL NO. MN-4 _?

PROJECT JPL ESI ORZLL HOLE DZAMETER (_n) lB. 5/t_. _i

LOCAT'ZON PasaOena. C_7_fornJa _IOUND LEVEL ELEVATZON fit) 108.3

GEOLOGTST/ENGZNEER H. CutJer. H. Barnes TOTAL DEPTH OF HOLE fit) . _ ,

DRILLING L'_MP_ ,,l_er]_k DEPTH TO NATIBR fit) 108.6

OP_LI TNG METHOD ...../_u_/Rotary DATE Lstart/f_nish) t-3t-90 to i_-6-90

a _ NELL/BORING -J -- m
o COHR.ETION < _ _It)

- ,..a meaium to coarse grain, angular-suaangular, poorly

' _. _ _ ° o , -- .=.,:s,,.o=ssio.sl0ra,,el. -_

. _/. __ _ ii_iil _13 SANO. NLA.TICOLOREO _'

- _. seaiue to coarse grain, angular-suaangular, poorly :

' -_ _,'- :.:::sps,,,o..u.Tx=x.oaEe _--=-_20 Fa ... r:-.
' eeOium to coarse grain, angular-suuangular, poorly;

· _ "".. ,..'*" ' 0 0 N -- sorteO, loose, occasional rock fragments.:. 1:.

·? ?.: I
.:. i-:, ! SP S_D. m..LTICOLO_'O ,-,.

- "' medium to coarse grain, angular-suoangulap, poorly_

Z ,ii:i _':' I 0 0 N -- sorte_, loose._.40 ' .__

· , _ -- ' _ 0 0 N .- eeOiUmsorl:eO,tOloose.COarSegrain, angular-su_angular, poorly

j ·' :1-- .': i SP SAND. NULTICOLORED.' I-- :'
· ,-- meOium to coarse grain, angular-su=angular, poorly __ oo.__ ....,_=.,o.,7-- '."' _
: 'JSO _ili :"' t;'.::'SP SAND. 14ULTZ(::DLOREID

'": '',' medium to coarse grain, angular-subangolar, poorly ._· ::ili '"': ::', 0 0 N --t.... soften, loose. _,._le ·
e®s- .'-i -. _,._ :-..

. Fa I 0 0 N ------_'_ meaium to coarse grain, angular-suaangular, poorly
--. sorte_, loose.

_ ,:. _. CLAY. BRONN .

· ,180 i _ SP --

'"' ,_, _-:- SANO.mJi.TZCOLOm:O - .· _ i _ _ meOium to coarse grain, angular-subangular, poorly _-

'a _ _ O 0 N --_'_ soften, loose.

. r ; _ ' Bp SAND. NULTIC_

. _ I _i!i I seeium to coarse grain, angular-su_angular, poorly __
I 0 0 N- sorteO, loose. ] '× ..,.. ('soil-d-3' collecteO on ;_-2-gO)

:-200 4-3 , ·



,__ EBASCOENVIRONMENTAL
NELL NO. HN-4

'_- PROJECT .._,1_ ESr DRILL HOLE DZ/d4ETER lin) t8.5/1£. 25

LOCATZON ,.Pasadena, ,,C_a]$forn_ia GROUNDLEVE/. ELEVATION (ft) t083

GEOLOGIST/ENGINEER H. (_utTer, H. Barnes TOTAL DEPTH OF HOLE (ft) 605

DRILLING COI_ANY Bev$Jk DEPTH TO MATER (fi) 108.6

DRILLING VETHOD _Ud Rotary DATE (start/finish) J-31-90 to 2-6-90 ,,

-- .J m DESCRIPTION AND NOTES

_X _

,_. . I !N necltum to coarse grain, angular-suDangular, poorly

. _, _, _ o o -- _,'°'_'°',o°.,. -.
_2J0 _ _ ' ' SP SM_. MULTICOLORED

_ 0 0 N -- sorteD, loose, occasional granite fragments. --

' _ _ _ q, !... · SP SAND. MULTICOLORED -
m _ [ ----j, [.%.''.' meOium tO coarse grain, angular-subangular, poorly

_ ' -J_ _ :'..." ."*.; 0 0 N --!.'... sorteO, loose, some rock fragments (metamorphic].
E :_1

le·

:_830 J"i ' · : '

' ?__'_ meOium to coarse grain, angular-suOangular, poorly

- Ti,..---- ' _ 7::1-2 o :;--J
,e.,.- ,t . _ ..' .j _ SAND. NULTZCOLORED _

' -- "': ''.,'1 meOium to coarse grain, anguIar-subangular, poorly
_ ,:.__ :> i 0 0 N --,.'._ sorteO, loose, occastona! rock fragments. --

I' : · *. ·
!*q ,:-: . :.

- 850 i.*'- !:-} I SP SM_IO.NULTICOLOREB
J:':: !.'.: me0tum to coarse grain, angular-subangular, poorly

- _-, i:: 0 0 N -- sorteO, loose.

-_0 -
!j_¢i SF SAND. MULTICOLORED;_ .. ,0 0 N" SorteO. ,Dose.

_. _. medium to coarse grain, angular-suDangular, poorly

-;270 _ _ '/ ·Sp -.
' meOium to coarse grain, angular-subangularo poorly -

_ · 0 0 N -- sorteO, loose, occasiona! rock fragments. --

:-_eo";';,;,; .,,_,_ I° .?::i_Z.sPs_,o....T_mLoF_o,._.._o.._r.o:_,,.._..._. -:':._ ; _//v _ _*_ 0 N -- sorteo.mediumtoloose,Coarsegrain, angular-suDangular. Ooorly

: Qo ! :,:
' ! _'x ,_, ,.-_SP S_NO.NULTZCOLO_O -
' I _ --_ '. _ c"K ,,eo_,,,,to coa,'seg,'ain,anou]ar-su,angul,r',poor_-

_"-300 1i _ _'-__ ,,.-,__ ° ° N -- _---:.. _'Y._Or"a''°°'" °::'_i°"'] 'o:_f"'o""'_'SXLT_,a,o.. --" -._ __ ',-- ('soi1-4-4' collecteo on 2-2-90} .



EBASCO ENVIRONMENTAL
WELL NO. HW-,4 '_'-_?

P:T A ESI DRILL HOLE DIld_-TEIt (in) fa. 5/Y2._5

LOCATZDN Pasaclena. Ca]$for'nJa _ LEVEL ELEVATION iff.) .f083 ._,

GEOLOGIST/ENGINEER M. CUt Jer. M. Barnes TOTAL DEPTH OF HOLE (ft) .

DRILLZNG CDI_ANY Bev.lJk DEPTH TO #ATER (ft) lOS. 6

DRILLING HETHO0 Mud P_taev DATE (start/finish) t-3t-90 to _-6-go. _._
I

, i i , i. , i . i i L

aL'u _ //BORING m IX_CRZPTZON AND NOTES

_-'_ CO_ETZO_ _ X N 8
O B

:300 -- _-- _, - - _-; CL_,_,. SXLTV.ouv_-s.o.. -

."3,0 ,,,,__:i: i_ i_ _;..; o o , ----_------"_.-_ sP:s,..,o.,o,..,:.,...a,u. to :o,,.,. g,-,,,, a,o,,la,'.-s,.,,,,g,.,1,_.,oo_,,-,u.'rxc=..o_o,o..,,. ." ,_· m _ meaium to coarse grain, angular-suOangular, poorly_r ::. , ,i 0 0 N --m,.' _ _ soften, loose.

=320 : '-_
--I:o ,;.._' SI= SAND. IqULTZCIDLDREO '

· ' :.;. neOiua tO coarse grain, angular-suaangular, pOOrly '
- :';:----i'" --_ 0 0 N -- ,,.; sort. ecl. loose. -= _'_

- _30 :" J:' , ', _: SP CLAY. SILTY. _.IVE-BI:IOI_I _ _I · · _%' · I ._

I ,*_' I'° °

- _ ...: ..."', 0 0 N -' ' 'i aeaiua to ca_rse grain, angular-suDangu3ar. DODP]y-:. .. ,% so_tea, loose. '
L340 ::' ::'. ,,'=

': '"' '_ i SP Sa_O. 14ULTICOLORED _--

'" :" N * _iC'L meaium to coarse grain, angular-su_angular, poorly ·- ." :-' 0 0 -- '.' sorteao loose.

:3_0' :_i, '_ _ ;'_ CLAY. SILTY. OLIVE-BRDWN

_ _ S/_O. NULTI_OREO

-- -_ _ 0 O N --_.' __ meatum to coarse grain, angular-suaangular, poorly
_._ soPt_O, loose. ._._ 7o :.
" ---_'ff sa_oo NUL'rZCOCO_O- .' .' i·

qr ;'. :" 0 0 N ' _ meaiua to coarse grain, angular-su_angular. Doorly

' _ :}:: :;-, ::, _ sortea, loose.
-3BO

':" _ 0 0 N _,'._- coarse to neaium grain, angular-suOangular, poorly-

:390 q-_? -- _ .',=. :I
' .j --! :.:__ s_o..UL,.TZCOCOnEO -_
' _ 0 0 N --,_'_-. coarse to maium grain, angular-su_angu)ar, poorly ?
. ..' .... ° V "' sartea, loose. 3



"',- EBASCOENVIRONMENTAL
HELL NO. MN-4

PROJECT J°L ESI D!:LI:LL HOLE DIAMETER (in) 18.5/I_, ;_

LDCATION Pasaclrna, Ca]_foqnJa GROUNDLEVEL ELEVATION (ft) t083

,_ 6EOLOGTST/ENglNEER H. CutTer, /4. Barnes TOTAL DEPTH OF HOLE (fl:) ,605

DRILLING CDHPANY Beyl_k , DEPTH TO #ATI_ (ft) t08.6

DRTLLZNG HETHDD HUd Rotary DATE (start/finish) t-3t-90 to _-6-90

_ COHPLETION _, ffi
u) o §

-400 I-. .__-- --
'- ' i -':i ':' sp SZ,T.CL,Y. OLZv-.,O

· ', , ,.,_!_ SAND. NLLTZCDLORED
- ." ::' ! 0 0 N --,'_._-. eeaiue to coarse grain, suDangula_-angular, poorly '
- :':: -'.: :. ;i-_ sorteO, loose. .

;' I ..-=

_'_ :4'0 ''::': !} _ '.:'._'" SP SILT. CLAYEY. DLI VE-BRONN '"::..- _ .-:._ sJ_o. ,ULTZCOLO_O
- '" :.*:1 _ 0 0 N -- ,':.-. meclium to coarse grain, sul_angular-angular. _ooriy_

!::', :.,

: i" ?'"" sortecl, loose.420 I:: :'-:. sPiSXLT.CL*YEV.a.ZVE-..O -
I%; !':,! "- _ SAND. MULTICI3LDRED

- i:" i: ''I , 0 0 N -- ::.-. meeium to coarse grain, suaangular-anguZar, poorly '

-- i_ i//_j; .'..'-%;.: sortea, loose (possibly recirculateo maLerial,..
:'" SP SILT. CLAYEY. DLIVE-BRONN --

:' 430 __ _ /' .-. _ SAND. MULT:/COLORED

440
,-,, , -_: SP! $:ILT. CLAYEY. DLIVE-BRDi_ .

.--- _' _ _i , 0 0 N ___ ''-_._ SAND° NULTZCOLOREo.,-- meOtum to coarse grain, subangular-angular, poorly

m i .j :._-. sortea, loose (POSsiDly recinculatea material).
_ '-450 ; '%'_ -- -

_":-" SP, SZLT. CLAYEY.OLZVE-BRDIdN_SAND. 14L.ILTZC;OLOREO
- _ i 0 0 N -- .'- meOium to coarse grain, subangular-angular, poorly

.a _ ::__ sortea, loose. 'I

-450 I ' ':-'. SP! SILT. CLAYEY, OLIVEHBRO#N .
"-" I :'+-" k-C s_o. _ULTZCOLOrEO

; : 0 0 N --_ _.--_ mer_ium to coarse grain, suhangular-angular, poorly
t :. _': son/cO, loose. .BOULDER

_-- -470 i ; .-=
, .:.-. SP SILT. CLAYEY. OLIVE-BRONN '

I :'+" _' SAND. NULTZCOLORED
- I O O N --,_.--: eeaium to coarse grain, suaangular-angular, poorly

I : · 'i-.'* sortea, loose. .
- 480 i _ '- " '--

,-.' .-.'i , .' ._ SP SILT, CLAYEY, OLZVE-BRONN '

·..: :', _._' _ SAND..LLTICOLOREDI :. :"[ 0 0 N --, .., neOium to coarse grain, sul_angulan-angulam poorly-

:- ·.:ts· - _ .-
"-'_ -4_0 ':' ::' SP SANO. NLLTZCDLOREn '

·'. .'.- _ _ maium to coarse grain, su_angular-angular, poorly '
·.. -. 0 0 N --,_._._. sorteO.

- I:':' :.:' ; _/ -- ._ SILT. CLAYEY. OLIVE-BRONN

I me

:': 4-6/% , ('soil-4-6' collecteO at _' 30 on 2-5-90)
L500 [ "'ee i · [



EBASCO ENVIRONMENTAL
/

HELL NO. MN-4

PROJECT JPL ESI DRILL HOLE DIAMETER [_n) IB. 5/t2.

LOCATION P_$adena. CalJfor'nJa GROUNDLEVEL ELEVATION fit) 1083

GEOLOGIST/EI_INEER M. Cutler. M. Barnes TOTAL DEPTH DF !.I3L.E fit) 605

DRILLT_ CDHPtJ_ Bev]S_ DEPTHTO I_TER (ft.) . _0B,6.

DR]:LLINGMETHOD ,_/# Rotary DATE (staet/f_nish) 1-31-90 Co g"6..-90 I

_- NELL/BORING -- m ="
_= COI_Ot.ETIDN < < < ._

0,_> E 5

_500

(_44

·- ... I _ .ol._.?- ." :. 0 0 N _, meaium to coarse grain, suDangular-angular, poorly:.
:.:: ...: , *. .:.-. sorte_. .
,., ... ,_.-;.

-5_0 " .... '
:.., _ '.. I ; _-_SP SILT. CLAYEY. OLIVE-BRONN

, !: .--.'_ SAND. NULTZCOLORED '1 _'_

*:'-- '" _ 0 0 N _. :-. lae_lium to coarse grain, sut)angular-angular, poorly-

I

· · .:-_ sorte ff ·
, _ ;2_ .-. EU3UU3ER

-520,
_'"..:, '", S __SP SILT. CLAYEY. 131,.ZVE-BROk]d - ,_.' _ = _c c,.,,,, siLTY.OL_VE-aRO.,

'" ":' 0 0 N --I.' __ SAND. NULTICDLOREO- _ ".i ::.' meaium to coarse geatn, su_angulae-angu]a., poorly '

L530
:'.' :'" ,, SP SILT. CLAYEY. 0LIVE-BRONN [

_ _ 'r _ CLAYo SILTYo OLZVE-BRONN -- 0 0 _N 1-- ? Sa.NO. NULTICDLORED -

.. _ meCliumto coarse grain, suDangular-angular, poorly 'eoPt. eQ. - _._

-.. m CL CLAY. SILTY. OLIVE-BROHN .
u 0 0 iN -- . _-- SILT, CLAYEY. 0LIVE-BRDNN . I
'_ "_ -I ""q

:550 " _'.Sp CLAY. SILTY. OLZVE-BRONN

.. :_"_ GRANITIC ROCK. LIGHT BUFF .
- O 0 N -- Ilar.0. 7Z maftcs.

:.560 :- __ -_:C'_ (granitic I_aseaent rock encounterecl at 556 ft.} .· _ 't'

· O_ _!m GRANITIC ROCK, LIGHT BUFF I-- _-_ 7_ mafics.- oo . -',,_= '
· 570 '1'= -
· ; -r _.'.IGR SILT, CLAYEY. DLIVE-BRONN '
. +.-_. _. GRANITIC ROCK. LIGHT BUFF - -._

- 0 0 N -- +i' tla,,-a.7S mftcS. -
+:.2

:580 _ ..t.__-:i!_q SILT. CLAYEY° _!&Y-GREEN

-1- _. CLAY. SILTY. OLIVE-BRONN

' 0 0 N -- _ GRANITIC ROCK. LIGHT BUFF- , . tiara. 7_ maf irs. '

:590 +:"
- 3.1. Edq GRANITIC ROCK. LIGHT BUFF _

""'--' _' 4-7X 0 0 N --.+.+. ,ar,. 7, mafics. -_/'..
-_00 ---- ?_-- ('S0i1-4-7' collecten on 2-6-901 ..,_,.



,..__ EBASCOENVIRONMENTAL
HELL NO. MN-4

PROJECT_/P/_ ESI DRZLLHOLEDZAIVlL_FER{_n) t8.5/t2.25
LOCATZDN.Pasadena. California 6ROUNDLEVELELEVATION(ft) .I083
6EOLDGZST/ENGZNEERH. CutJer. H. Baene;_ TOTALDEPTHOF HOLE (ff.) .605
DR_LLIN6COHPANY,Bey)Jk DEPTHTO NATEi:i(ltl lOB,
DI_I.LII_ HETHO0 HJdRotary DATE (start/f_nish) t-3t-90 to _0-6-90

o..,-' _LL/eOaTm u'l _ 2
tu: _ _ _ m m DESCRIPTION AND NOTES

_.. _ CDMPLETZI_I m< o ' i _:

.-600 -:

'_* _ I 0 0 N --?'t _Gl::i GFIANITI_C mCKo LIGHT BLIFF :L +L' ,,,.,,.a .fi=. =



EBASCO ENVIRONMENTAL
NELL NO. MN-5 _'_'/

PROJECT _ ESI DRILL HOLE DIANETER fin) _

LOCATION P&saclen_, . .ca.JSforn. Ja GROUNDLEVEL ELEVATZON fit) 2070

GEOLOGTST/ENGZNEER M. Cut]et'. 14. BOr,nes TOTAL DEPTH OF HOLE (ft) t45

ORIU.I_ COHPAHY ,,_v]Jt DEPTH TI) HATER Ift) 90. d3

DRILLING H[THOO , F_rcus_Jon He.Mr , DATE (start/finish) _-I_-90 _o _-13-_

o._ NE_ING --=_ m DESCRIPTION _ NOTES

o
,,, ,,,

-0 ._ _ -'..'s_see. _ZVE-BRO_
'_ or. ,_. ..-

_= ._, · coarse-fine grained, subangular, poorly settee. -

F _ z_ 0 0 N SN '.. abunOant gravel
= i _: _ 5-1 x .'*..:. ('soil-5-_" collecteO at 9:15 on 2-]_-go)

_0 q !q _ -
' · · Sw SANQ. OLIVE-BROHN :

: Ii-< ii-< '_' fine-coarse graineO, su=anguZar, v.poorly settee. __
? O_ Ip_ 0 0 'N _ _-.? aaunOant coaOlas up to 5 cm.

[.; [.; .-_..*
.-.-:20 "' '" '" '"
. ,:. ,;. "'" ._ S4ND. RED-BROI_I '_._ '_' fine-coarse grainea, subangulaP, v. ;)oorly soPLeO.

1

·< -< ..

;.', fine-coarse graineO, subangular, v, Poorly sopteo.
_1 _ 0 0 N :SM ;..? occ_ional gravel up Lo 3 cm.

' U 'q,' . ,~. .-40 /, -'-' !Sa SANO.R£O-BRONN .
- '< '< _', fine-coarse grained, subangularo v. POorly sorteQ.
- , ._i ._ O O N SM?.'? occasional gravel.

' '' j
- K; _.; I-'?'": ("soil-5-2' collectea at 1_. O0 on 2-12-901 _'
.: 50 ,_ ,.p 5-ax _:: S&NO. RED-BI=01tN
' _ _b .d ' ;'* fine-coarse graineo, suUangular-subrounoe4, poorly

' :-'JI q' _.' _ 0 0 N SN """ -_
so, tea. auunaant gravel up to 2 cm

·< "'e.e -__/
' I i'

LBO i a:_ n:_I _.1 _' _ '.-'.· · SN SANO. TAN-NEDIUN BRONN
, _ .o..., fine-coarse graineO, sul_angular, poorly sorteO.

-- -- _.1-- _- 0 0 N SH ,:.;: a_unOant gravel up to 2 cm. _

,- " --_-:SN SAN_. SILTY. TAN
- _ _ fine-coarse graineO, suaangulap, poorly sorteO.

::i - a.,,Y.-- .-. 0 0 N OR ,:. _. some gravel, aoulaer at 73 ft.. ancl -_

' I ':_' "" _.' fine-coarse graineO, suaangular, poorly sorteO... _ ::: _ 0 0 N -- ' "- some gravel. I_oulaer at 84 fL.

::! ·.
:.,--I:o' "'" SW SANE]. OLIVE BRONN-REOBRQNN

' u_ '.: __ .-.: ,_-, meaium-coarse grainea, suDangular-anguJar, poorly :_
' _ ';'--': 0 0 N -- '."- sor/eO, occasional gravel uA Lo 1.5 cm.

' _ ":i-- _:' !_ '_" (*soil-5-3' collecteO at l._l) on 2-12-g01
=-_00 __ :"---" __ 5-3_ -- ..... _ _



,- EBASCOENVIRONMENTAL
WELL NO. MW-5

PRDdECT _ ,_'$! DRILL HOLE DIAMETER (in) YY

I LOCATION Pasaclena. CaTJforn.fa , GROUNDLEVEL l__L_'VATTDN (fl:) ..$070

6EOLOGIST/ENGZNEER H. Cut Jer. H. t3a,rn_s TOTAL DEPTH DF HOLE (ft) $45

ORILLIN8 COMPANY aev]_k . DEPTH TO HATER (ft) 98.43

DRILLING METHOD Percussion Hammer, DATE (start/finish) 2-$_-_0 ¢0 _-$3-g0

d I
.?.

B 8
° B

-_.00 ---- "'_'" --- A'"'e'iSM SAND, SILTY. BI:E)ieN
.'.-- ''.. --*'.', meaium-coarse gratneo, suaangular-angular, poorly -

- '"---' 0 i0 N NT '""'"'· ' A'..'_': sorte(L occasional gravel up to _ cm. --i -:--.. :..:.
· i :.'! -- ,_, '.'e'.',' . . _ i.%° *.%

_- : 0 0 N NT occasional gravel up to 1.5 cm. --

_ :'i- i".' _ ..:..SM SAND. SILTY, BROWN =· . coarse graJne._, suDangular, poorly sorteo. -X. .'0 ","il

...:._- occasional grave/ up to 2 cm.

. ..:._,... ._['-- ...,..

. _ :"!_" Ir:':. sw sA,o. ,,, TZCO.On_n

' '" occasional gravel.
. I-_ 0 0 N WT.',.' -_

/_ '- ....L : 5-4 _ ...'..1' (.soil.5_4. collecte[I at l_. O0 on 2-13-901

' _J4C) [lr '::mm..:.._..:.._.i ; .:'::iSN SAND. NLILTZCOLOREO

_- ' --1- 0 0 N NT"" occasJona! gravel. '



EBASCO ENVIRONMENTAL
HELL NO. MN-6

PROJECT JPL ESI DRILL HOLEDIAIL:TER fin) ti
LOCATION Pasadena. _a]jfor'nJa _R[XJNDLEVEL ELEVATION (ft) IJ89

GEOLOGIST/ENGZNEE_qM. Q]tlcP, H. Paoenouth TOTAL DEPTHOF HOLE (fi) _47
DRILLING COMPANY BevlJk , DEPTH TO HATER (ft) _.8

DRILL/NG HETHOD Pencu$sJon Hammer DATE (start/finish) _-15-90 to 2-24-90
L

o.'" NELL/BORII_ _ _ ; _I_ON ANDNOTES
o COMPLET'roN _. ae _ _,

o

_ '"_:, Mediumgrain, silty, suDangular, moOerate_y sorteD.
'_. _. 0 !0 N S_ ..... al_unOant gravel and coPUlas. -- _?

'_ '_ '_' ('soil-S-1' collected ak 24:45 on 2-15-got '
-_0 m q _ _ "'"

' i i- i* _ 6-1 X ,:-:: Sk SAND. SILTY. BRONN
'< '<

- ',_' mecliumgrain, sul_angular, moderately sorteO.

· ,.

?1 _ "- 20 .:. i ..'.
· q_ _ , .:..e: SN SANQ. SILTY. BROHN-RED 81::IQNN

L..,i_ I ' _'' mediumgrain, suDangular, eoOera_ely sorter./i o o I. _ :.? o,:,:.,on.]0,,,].
i

9 _ 0 _

' 30 _ ,.; '-" -_---; i ::';: Sa SAND. SILTY. BROb'N
· ,;.', ftne grain, subangular, moclerately sorteO. -

- _; ) 0 0 N iSN _-._- occasional grave/ up to 2 ce. --
I_ c ..IK ·

Iq ', :' [ _N SANO.SILTY. BRDNN
_', fine grain, su_angular, moOerately sorteO.

!.0; _ 0 0 N SM '-.'" occasional gravel u; to _ ca. '- i&.; I&.: _.. ,. ;,,

L_ 0 _ .. .. _ .'..:. ('soil-E-2' collected at t_' 20 on 2-15-90) - "":q c 6-2 X

_ i"i 'sN SxHO°SILTY° BRONN
..a !_a' q · · fine grain, suDangular, moDe,atomysorted.

- m _.. (- 0 0 N 514 occasional gravel up to I cm. --

·: 60 k.; ;i.; I:: ':: SN c:ANQo SILTY. BRONN -z_ i_
· _ _ I'_'· fine grain, subangular, moderately sorted.

._ _._ 0 0 N SMi::._: occasional gravel up to 2 ca. '
q q i-_-,

L70 i. i.. .'..'.
· ( q : [.. :SH S&ND. SILTY. _

· ;', fine grain, subangular, moderately sorte_. - ___,-; -; o o ,, ._.;:..? o,-:,,,,o,,,_o,',,,],,,,to _=.,

? za; ,, .......:

_8o _i ._. .':'.*:, _ SANg, SILTY, BRONN
' q q .... fine grain, subangular, moderately sorteO.
-- '( '_ 0 0 N SM".". occasional gravel up to t cm. -

: e;i e; .,;.-._
:-g0 i.; i.; · ·

· · SN SAN[3.BPO_. ....

. _ · _., mediumgrain, subangular, noOerately sortecl. _
- _; · 0 0 N gM?.'_-_ occasional gravel up to 2 ca.· . ' eouco_;q I q '""' "· . (% ·

_oo % " '*'· , '- __ ". ('s0il-6-3' collected at $_' 40 on 2-25-g0)
, ,= ,



EBASCOENVIRONMENTAL
HELL NO. MN-6

PROJECT JPI_ ESI DRILL HOLE OIAHETER (_n) tt

LOCATION ..PaFadena. Ca$JfornJa GROUND LEVEL ELEVATION (fU _I89

GEOLOGIST/ENGINEER M Cut Jer. H. Paoenauth . TOTAL DEPTH OF HOLE fit) .._d7

DRTLLTNS COMPANY ._BevJSk DEPTH TO NATER (fi) -°05.8

DRILLING METHOD Percussion Hammer DATE (start/finish) 2-t5-g0 to 2-_,l-gO

,,, .,,

e, m_ _W m m

e_a NELL/BORING J _" m; DESCR:]:P1"J:DNAND NOTES

'"= q' >_i._ R= COITION < f2
lA O

,L I ., H

- -100 ._ s-3 X .._.._- medium grain, sul)anguIar, moderately sorteD. -o o N s.'.
F. q q.! o . occasiona! grave! up to 2 cm. --

B' m' '_'

_-_ r_:I_O I'_ I'_ ".": _.e; i.e; ::L::SN SAND.B_ONN
' lB.', ik.', 'g'...- _rltum grain, gravely, suhangular, n_oeratel¥ -
-- I _ _ 0 0 N SM.-..' sartecl.

- _20 I _ _ '_'· _ .% .-.
i q' _' ,.:..: $_ SANO.BROWN- · e

[ i' ;' SM 'g' ee(lium grain, grave)y, suDangular, mnclerately _' i '(i '( 0 0 N _'.',' sorted.

· . ...-.

-._130 ,_: z_ -2%-25_ SAND.SqONN_ I p;

- _ _ _- '_' matum grain, gravely, sul_angular, n_aerately -

- 6 _'! _'!. _ O 0 N SI_ _-.? sortea. --

- _ _' '._1 '_':140 '< _" "'"
. u_ I_ i P_ _c t'i'_'i!SM SAND. SILTY. BROWN .__.; _.; _ :..:.v.-.., fine to coarse graJnea, occasional peOOles ana -
' -_ _ z_, _ I0 0 N Sl_'""' _'_'i cot_l_les of granitic rock,. --

_. _. I ] BOULDER
' _ ._i. Ls-dx ..Dy,.........('soil-B-O' collecteO at 8:O0 on 2-_6-g0}

t50 q' .ql i :'. :_ SAND° SILTY. BROWN. i. _.
fine to coarse graineO, occasional peDbles and

'( I TM ' _":
.- 0;. iib'. 0 0 N SM'j:.:.. cabalas. -_-

,k; Ik; -_-,

· _ i_ '" .o._60 I,.. · -_:.-:SNSAND,SILTY,BROWN
_' =_ !._ .,j '_', fine to coarse graineD, occasional peDDles eno

-- ,l_l' il-iq' _-_ 0 0 N SN 'e:.:_: CoDDleS.
' IL_ ; .( · _;.· ,,

_70 _· E '..'.!e, lib ,,., , ,

Ii.; _.; _ :': SN SAND. BRONN
N '" very fine to coarse grainecI, poorly sorteO, *

_ z__. . _ 0 0 EN ,'.' occasional gravel to coDOles. --. ·. . ' ... ·

· .'ii
_- :_eo _ _ .:l S_ SANO.S_O_ --

very fine to coarse g_ainecI, alounaant s_]t anO
_ _ ._ ._. 0 0 !N SiH-._ _ claY, fewpeDbles, and

.--' ,iL- SILT, CLAYEY. BRONN-GRAY -

'_r _ go _ .:'; :". _ IDR GRANITIC mci(
i ',: ...: u_ SN SAND. BIqOkN -

.;. .-. 'g', fine to vePy coarse graineO, abunOant sul)roungeg
- -]'- -.--__ .:. _ 0 0 ;N !SM ......... grave!. '

I ..-.. BOULDER·"i-- .'" "' ('sot1-6-5' collectea at Jo: _5 on 2-_6-g01
:-200 - :. -- .. s-5 X ,'.-'.



EBASCO ENVIRONMENTAL

NELL NO. MN-6 I _'_ _
PROJECT _ ESI DPJ::LL HOLE O]:AI4ETER lin) .fl

LOCATION Pa$_c/_na. ga].ff_"nJa GROUNDLEVELELEVATZON_ft) _t_ _
GEOLOGIST/ENGZHEER M. Cut]er. fi. PaDenauth TOTN. DEPTH OF HOLE (ft) Pd7

DRILLING CO_AHY _y];_k DEPTH TO HATER (ft) _. 8

DRILLING 14ETH_ I_rcussJon I_m_e,r DATE (start/finish) _o-ts-gO to _-Pa-go I

d
qb m _ _ m m

a. _ NELL/BORING m DESCRZPTZON AND NOTEStu_
o COI4PLETI_ _ __o g

-2oo--
I __ ° · SAND. BROMN ._ _.

--__--: _Z '" fine to meaium grainea, abunaanL sill ann clay. ..' ": i:l -- .... metamor_ic rock fragments. .
I :, -- · ' , · _' 4 BQLILQERS

.:-2_0 :':__-- :.: i I .'--' SN S,NO.BROWN
' '::----;: &', fine to meeium grainecl, abunc_ant sill aha clay. -
' '-'--.- 0 0 N DR '..'*. moclerateiy sortea, abun_anL 13iotite. occasional -- L_

' _ "':""----!'";: " g"° BOULDERsigne°usana metamorphic rock fragments. .

-220 ':':- :. _ ,:'?: SH S4OqO.SZLTY. BROHN '
...:- -. u_ ;.' coarse grainea, a_unoant clay. moOeraLeiy sortea. .

'.' .-i _ 0 0 N SM _-._- igneous aha metamorphic rock fragments, a_unaant. -- .... gravel up to Baa.

L230 _, :': -- :. · -:. ..:.,,_
' i !:.: __--' ..'.: '"e' SH SANB. S3:LTY. BROWN --
' --.' · '.' coarse grainea, aDunaant clay. moaerately sorteO. -

i . IL
- .1.,--'. 0 0 N WT ..... igneous anU metamor;hic rord< fragments, ahunaant --

-. --.'. grave] up to ama. '
I '.· m;._ · · .

'- _ 'o, *..'

.'--240 j :.:: --__ I:-.. ,:...;: SH SI_IO. SILTY. BRONN --' _'
-" '4 , coarse gpainea, abunclan/ clay. moaerately sorteO.· ..

' -_'-- ..',------" 6-6 X 0 0 N NT ,-... igneous an[l eetamorphic rock fragments, abun(_ant
...- . ... . _ L. grave] up to amm. .

' ('soil-S-S" collectea at · tO on R-23-go)

/



EBASCOENVIRONMENTAL
HELL NO. MN-7

PROJECT ._/PL ES! D!:LTLL HOLE DZN,ETER (in) .fl

LDCATTDN PO_.adena. CaJJfornJa 6ROUND LEVEL ELEVATTON fit) t_ t3

6EOLOGZST/ENGZNEER Al. (:_¢7.er . TOTAL DEPTH OF HOLE fit) ,776
DRILLIN6 COftPANY gei,]Jk DEPTH TO NATER fit) .2_6-2..

DRILLING ME'Iq400 ,Per<;ussJon Hammer DATE [start/finish) _-_8-90 tO __-5-90

- ,.-,,i[:' DESCRIPTION AND NOTES

o COHR.ETTON _ _o

-0 .--mSt SAND, aPO_
'_" -i:' . . --' very fine to coarse gratneO, abunOant silt anO

:- _ _ 0 iO N _ '-- clay. suOangular. Dearly sortecL common gravel '

; i ;. a. _/ .__ aha peObles.
I _ _ 7-1/% --. ('sni]-7-_' collected at _: OD on 2-28-90)i -.._.. :10 I _'I q :sc sem. sno.N

,_ I '-_ ;"< N --'.__ very fine to coarse graineO, al3unoant silt anti -:' ._: I 0 0 SM clay. poorly sortecl, common gravel. --

' __' _20 ,-.
- _: .--SC SAND. BlqCa_ -

m ·
: <_ , very fine to meclium grainecl, ahunOant silt an0 -

'o q: 0 0 [N SN '-- clay. poorly settee, abunctant col3bles of granite --

- _.=_ i._ . __ POCK. '

."-30 I._1 _'! I .-:sc s,,o._o.,' ;k._ --' very fine to coarse grainecl, aaunOant silt one -

- _., -., I 0 0 5t4 c]ay. sul3angu]ar, poor]y settee, al3unOant pel3131es --_ - .__ are co_]es. -

- 4o _..i' _ i ·-- sc s_o.ore..
- r.< .< --' very fine to coarse grainecl, common silt. aDunoant

-' '- _ ._1 e;. _. 0 0 IN [_ '-- gravel anti pebbles. _-: i._ _._ ;_ ---
:50 _, ,,, _ 7-2x -'._i . ['soi]-7-2' collected at _: 50 on 2-2B-90) _

. _ ,._ -. _. ·--:SC SAND. BlqO_l _
i_a -t .'-_. very fine to coarse gratnetl, common silt. aaunaant-- _ '1 q'_ _ 0 0 N iSM gravel anO pebbles.

' r_ '. 1 ;' _ _ . __ BOULDERS_
.-60 ,_,.] _.; ! .--sc SAND.SnO.N
. _ /_ --' fine to very coarse gratneOo aDun0ant peoples eno

;._ ;. [ 0 !0 N SM '-- cobbies.

-?o ,?i ?i --- SC SAND. BRDI_

- _! _.! --' fine to very coarse grainecl, aDunOant pel=bles ancl -
--- i_._ i.; 0 iO IN _1_ .' ---- cobl:)les.

_' : 80 ' ' _' -_-- _ S,NO.s_ .
: ,_; ,_b. _ --' very fine to coarse gratnecl, abunOant silt.

I q'i .q 0 0 N SI_ subangu]ar, poorly sortecl, common gravel. --
I ° i °

'_ :go ! _ _ -'
- I i.; k.; *':'A'i SM SAND. LIGHT BRONN
- ! c_ /_ ...,..-, fine to very coarse grainecl, suOanou]ar, pOOr]y

_-' I '.' ' · i0 0 N _ ,.'.:.,:. sorteeo loose, aeunclant gravel.
: i _ _ :.'.:'" ' · '.'1'o°11

L :[00 __ ,q _..q _ _ i7-3_>_ '""'"'..· ('soi]-7-3' co]]ecteO at J_rO5 on _-28-g0) _



EBASCO ENVIRONMENTAL
NELL NO. MN-7

PROJECT d=L Esr DRILL HOLE DIA_-TER (in) I$

LOCATION Pasadena. Ca]JfomnJa 6ROUND LEVEL ELEVATION (fi) $253...

6EDLOGIST/ENGI_ M. Cut$er ... TOTAL DEPTH OF HOLE (ft) P76

DiqZLLZI_ COMPANY Bev]$k DEPTH TD NATER (fi) 236.2

ORZLLZNG HETHO0 Per'cussJon HaawJer ..... DATE (start/finish) _-_-go tD 3-5-g0

COMPLETION 0

'"'_':ISM$*J_O._
,_ _, ; .-:'":"·v, fine to very coarse geatneo, suDangular. Doorly

- i o o Nis,'..".'.· · , _-fA.: sorte_, conumn silt. common g_ave! ana _e_les. _/
:-.:-

: !?.' I .-.-.-.] < ·(; I "'-'""

· ik._ --' fine to very coarse graineO, suloangular. 10oorly -
-- /_ i_ 0 O N SM '-- sorteo, with trace silt aha clay. --_Eo'IL.?_;gS

,;. ',,:.

- lEO _ ._' . . s,,o.am.,
' '< '_ 0 0 N DR"'-- fine to very coarse grainea, sul)angular. Doorlysortea, common silt. aounaant _eO=les ana coDDles.._

k; k; --.
.:' _ 30 _. z_. _':'A':ISt4 SAND. BRDWl _'_p, p.. :.,:.

_ -.-.-.'e fine to very cDaese graineD, sul_angular. Ooorly- .i . 0 0 N DR"'*'"". _.:._. sortea, with trace of clay and silt.
'.°Il °.'_

. ·¢ ·< ....'... -- '_"_

140 _ e; ":'_'-s_ S,N0.amen. , , : .-.: ,, .

_.; ,..k.i v,-.-, fine Lo very coarse graine0, sul_angular. Dourly .

·'""-' sorteO, common silt. common gravel Bna peddles.
-- _ _ Z_ 0 0 N DR_..._.
. _ ' ;°%;.'

_ 7-4 X '.-.v, . ,-_:, _.'.* ..o

150 q" ,_ _<-_.iSM! ('soil-7-l' collecteO at 14:25 on 2-28-g01 _SANQ. BRONN
· m '.c C_ ..-:r':'ev, fine to very coarse graineO, sul)angular. I_oorly

[0; _O;I _ 0 0 N ORI"""' sortea, common silL. common grave] an_ pebales. --
· _-.] :.' :. -.d ik.i '.'.'.',

:lB0 :" _ ""'"' '

!.q q_ _ :-.:- SAND. BROlel -"""_ fine to very coarse g_aine_, suuangular, ooorly -· .o.. %-

q' q 10 0 N DF A:'_'. sm'tea, caaumn sil:. Commongravel and pel_Oles. _
. _, i. :.'. :,'

I' 4 'q '.'e'.',. e.'.° ,..,170

· k.; v.-.',:":' fine to coarse grainea, anundant sit:. suuangular.
· ;_ _ ;0 O N SI_ '-'-'"" poorly sortea, common gravel eno pebbles. -_; ; _'.'_',

:,'.: j
· I._ [ '.'e'.'4

180 _' _._ ':";':': '_':'_': SN S_D. BAO_
( '.'.:":".', fine to very coarse grainecl, aaunaant silt. "_

- e; _ o o NO;'""'"'· . _.._. suoangu]ar, poorly sorteO, aDunaant grave] Lo
t., _.i :..:.' co=l_]e sized granitic roc_s.

'.-e .o.
!_ _ ...%..

· lgo _ ; _.:._-:SM Sa_O. elaox_
I_ C :"' :-'· , ,...v, fine to very coarse grainea, a_unoant silt. _/
!q'. q ;0 0 N DP e'.',_"'"'"" su_angular. Doorly sorteO, a_unaanL gravel eno --

_'; _' 7-5
·, :...:.' co_Ole size0 rocks. .

:'41 '.'4

;:_00 _ ,_ __ X ":':":' ('soil-7-S' collecte0 at 1_-50 on 2-28-g01 "_



'-- EBASCOENVIRONMENTAL
WELL NO. MW-7

PROJECT JPL £$Z [)P_TLL HDLE DZ_4ETER (in) YY

LOCATION PasaEena. California GRDUNDLEVEL E].EVATION fit) l_t3
GEOLOGIST/ENGINEER H, CuCJl_r TOTAL DEPTH DF HOLE fit) ;76

DRILLING COf_ANY Bey$jk DEPTH TO WATER fit) 2,36._o

DRILLING HETHOD Percussion Hammer DATE (start/finish) £-28-90 to 3-5-90

WELL/BORING _ --0,,,_ m OESCRIPTION AND NOTES

-200 -- _ _ -F- ,.:.,..:sM S,,D. _ --
· '- '.'.-.-, fine to very coarse graineo, a_unoant silt.

-- ' _: _ 0 0 N IDR '""'"' su_angular, poorly sorteO, a_unaant gravel ana --' , I.':'A':
-- :..:. cobble sizea granitic rocks. -: _

'."'."- ,_'i'_'isM SANO.8Ro_
- _ :..j . ._ , .,0-.., fine to very coarse graineo, a_unOant silL,
-- -' " '_ 0 0 N DR ":'":

, _ i,.:._.: suOangular, poorly sartea, aDunaant gravel aha --,:-' ? :-.:. coahle sizea granitic rocks. ..'e:*l
.,,.'o.%

'- -220 _ '-i' '- _
' :. '. _ ·--SC S_iO. BROWN

_- :' _': : --' fine to very coarse graineO, aDunOant silt.!!ill'"__ 0 0 N DR su_angular, poorly sortea, anunaant silt anO clay.
"': ,-- common peObles of granitic racks. _

-- i-: --. _UL[ER
' 230 i. I-- .'__ :. ,-_ _ s_._3,am.. -

- !'i_ ?: 0 0 N V--' su_angular, poorly sortea, a_unaant clay. pe_les,-'. ._ ana con_les, ana =oulaers of granitic roc_s. '

::;'i--::::1 -'
-- A'?_*:SM SAND. BIqO_N: :i _ ::-- -.....-_ fine to very coarse grainea, with al)unaant sill anO:

'-- - _ i_=r: _'i.?. 0 0 N ST'""'"' gravel .:_.:.. .
"' _ :..:. eOOLOERS

-_50 i_I -- . ! 7-6 _<_ "'"'""+'"' ('soil-7-6' collecteO at $0:O0 on 3-2-90) _'m I " ,.?.-'.514s_g). BROWN
U3I I.': '° :.'. :*'

- 0 0 N ST _':'_'i su_angular, poorly sortea, al_unaant co_l_les. -

_:; '-"'-" .ou.oEnuw , ,'. ,,.,.
=E60 ..':

'" ,:'.:is _ S_ND._qO_Ni "" -'Z.· -- .' a_a_ium LO coarse gra2necl, sul_angu]a_ to

- ' _::; ..i.i 0 0 hi ST :-.:- ,ubrounOecl, mol::le,ateZy sortecl, abunaant col)Dies.·? -- 'g" BOULDER -

;:! .....,'.

,_ -270 ..*; .'.-' !Sw S_NO.B_Ok_
' j :".. ',_-, meatum to coarse gra_nea, suaangular, moclerateiy -

--' I' ' ' i7-7X o i0 N ST _..? sarte0, abunaant cobbles.
BOULDER
('soil-7-7' collecteo at. B: _0 on 3-5-90)
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-- 1. INTRODUCTION

This reportand attachmentsdocumentthe technicalservicescarriedout
_ by WestbayInstrumentsInc.under EbascoServices IncorporatedSubcontract

Number 7708-90S-2068.The WestbayMP Systemfor groundwatermonitoringwas
installed in monitoringwells MW-3 and MW-4 locatedat the NASA Jet Propul-
sion Laboratorysite in Pasadena, California. Bothmonitoringwells were

-- completed in alluvialmaterials adjacentto Arroyo Seco. The monitoring
welldesignswhich specifiedthe depth and numberof monitoring zones were
providedto Westbayby Mr. Mark Cutlerof EbascoServicesIncorporated.

WestbayrepresentativesErik Rehtlaneand KurtSeedhousewere on site
from February9, 1990to March 6, 1990to conductthe technicalservicesas
specifiedunderthe subcontract.WestbayrepresentativeDavidMcEachernwas

-- on site from February23, 1990 to March 5, 1990as a Westbaytrainee.

2. PREVIOUSACTIVITIES

_- 2.1 MoniltorinqWell _W-3

Prior to the installationof the MP System,MW-3 had beendrilledby
_. Beylik Drilling to a depth of 720 feet belowgroundsurface by a rotary

drilling techniquewith bentonitemud. Followingdrilling, a number of
geophysical logswere obtained. Fivemonitoringzone depthswere chosen

_r based on the geological and geophysicalinformationavailable. A 4-inch
-- nominal I.D. butt-weldedmild steelcasingwith ten foot long stainless

steel screens at the intendedmonitoringlevelswas loweredto a depthof
700 feet.

Clean sand (# 2/12Monterey) was used as a filterpack opposite the
screensections. The backfillsealmaterialwas a 1:1 mix of sand (Monterey
#3) and Benseal(powderedbentonite}. All backfillmaterialswere pumped

-- intothe drillholethrougha tremmiepipe.

Followingthe backfillplacement,the monitoringzones were developed
bY BeylikDrillingby swabbing and bailingbetweeneach screen. This was
followed by settinga straddlepackeracrosseach screenand pumpingwith a
submersiblepump. A flow rateof 5-7 USGPMwas achievedfrom each screen.
The dischargefrom each screen was clear priorto terminationof pumping.
The MP casingwas installedas soon as practicalfollowing developmentin
order to minimize the potential for cross-contaminationof monitoring
zones.

2.2 MonitorinqWell MW-4

Prior to the installationof the MP System,MW-4 had beendrilledto a
depth of 605 feet belowgroundsurfaceby a techniquesimilarto that used
for MW-3. Followingdrilling,a numberof geophysicallogs were obtained.

Westba/InstrumentsInc.
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Fivemonitoringzone depthswere chosenbased on the geologicaland geophys-
ical informationavailable. A 4-inch nominalI.D.butt-weldedmild steel
casingwith ten footlong stainlesssteel screensat the intendedmonitoring
levelswas loweredto a depth of 559 feet.

Clean sand (_2/12Monterey) was used as a filterpack oppositethe
screensections. The backfillsealmaterialwas a 1:1 mix of sand (Monterey
#3) and Benseal(powderedbentonite). All backfillmaterialswere pumped
intothe drillholethrougha tremmiepipe.

Followingthe backfillplacement,the monitoringzones were developed
by BeylikDrillingby swabbing and bailingbetweeneach screen. Thiswas
followed by settinga straddlepackeracrosseach screenand pumpingwith a
submersiblepump. A flow rateof 5-7 USGPMwas achievedfrom each screen.
The dischargefromeach screenwas clear priorto terminationof pumping.
This in turn was followedby settingthe straddlepackeracrosseach screen
and air liftingthroughthe rods. This resultedin increased surge action
and the dischargewas dirty for some time prior to becomingclear. The
MPcasing was installedas soon as practicalfollowingdevelopmentin order _.,
to minimizethe potentialfor cross-contaminationof monitoringzones.

3. INS_rALLATIONA_IDMONITORING,gg-3

Installation and monitoring work began at MW-3on February 10, 1990 and
ended on March 3, 1990. The following is a description of the installation
procedures. _

3.1 Final Preparation of Monitorinq Well Design

A casing installationlog was preparedon January19, 1990 showing an _
arrangementof MP Casingcomponentscompatiblewith the describedpositions
of the five stainlesssteelwell screenspreviouslyinstalledin monitoring
well MW-3. This informationwas providedby MarkCutlerof EbascoServices.
The MP packers were positioned above and below each well screen.
MP measurement ports and pumpingports were positionedwithineach of the
well screensections. Additionalmeasurementportswere positionedbetween
the monitoringzones for QA testingpurposes(QAzones).

3.2 Layout of Mp System CasinQ Comoonents

On February10, 1990the MP casinglengthsand packers for MW-3were
laidout on casingracks. The MP componentswere arrangedin the order in
which theywere to be lowered,according to the casing installationlog.
Each casinglengthwas numbered sequentiallyfrom the bottom of the moni-
toring well, and an appropriateMP couplingwas attachedto the casingtop.
The length of eachMP casingwas measuredand recordedon a CasingLength
MeasurementRecord,which is providedin AppendixA. The MP casing compo-
nents were protectedby plasticshippingcovers which were left in place

f 14/¢stb InstrumentsInc.ay
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'- until installation.Magneticlocationcollarswere clampedto the MP casing
2.2 ft abovethe centerof each of the measurementportslocatedin a moni-
toring zone. Magneticcollarswere not placedin the QA zones. The entire
layoutwas storedin the Westbayrentaltruck overnight.

3,3 Lowerinqof the HP SystemComponents

_- The MP casingwas loweredon Februaryll, 1990. As each componentwas
removedfrom the rack, the casingtype,couplingtype,and sequentialnumber
were checkedagainstthe casing installationlog. The component was then
attached to the HP Casingstringbeing loweredintothe drillhole. Each

_ assembled pair of joints was hydraulicallytested by applyinga minimum
internal pressure of about80 psi for one minute. The pressuresused and
the test resultswere recordedon the CasingInstallationLog. This proce-
dure continueduntilall the HP Systemcomponents had been placed in the
drillhole. Table 5 is a summaryof the depthsof the HP System components
installed. Table 6 is the HP SystemCasingInstallationLog.

3.4 Inflationof MP SystemCasinqPackers

On February11, 1990,the MP casingpackerswere inflated in sequence
_- beginningwith the lowestpackerin the monitoringwell. Westbay's packer

inflation toolwas used for inflation. PasadenaCitytap water providedby
Beylik and obtained at the JPL sitewas used to inflatethe packers. The

_ gauge pressureandvolume of water pumped were recordedat intervalsand
plotted for each packer. HP PackerInflationRecords for the ]0 packers
installedare providedin AppendixA.

3.5 Fluid PressureReadinqs

Fluid pressureswere measured February12, February21, and March3,
1990. The plottedresultsare attachedas Figures1 and 2. Copies of the
data sheetsare includedas AppendixE.

3.5.1 MoQi_QrinqZone Eluid PressureReadinqs

A plot of the equivalentdepth to the water level in eachmoni-
toring zone is shown on Figure1. Data fromthe fivemonitoringzones
is shown,but data from the five QA zones has been omitted.The accura-
cy of each pressurereadingis ± 0.5 psi or approximately± 1.2 ft of
water when the raw fieldpressurereadings are used without further
corrections.When a procedurethatWestbaycallsthe FieldCalibration
Method is used in taking the readingsan accuracy of approximately±
0.13 psi or approximately± 0.3 ft of water is obtained. Further
increases in the accuracy of the pressure measurementscan be made
using the transducercalibrationrecord with temperaturecorrections.

, These lattercorrectionshave not beenmade in plottingFigures1

Westbay Instrumentsinc.
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and 2.

The fluid pressure results indicate that a downward gradient of
approximately four feet of water exists from the top to the bottom of
NW-3. It should be noted that DH-l, a nearby standpipe well drilled to
a depth of 392 feet in 1982 and screened throughout its length, is
approximately 75 feet from MW-3.

3.5.2 OA Port F)uid Pressure Readinas

Figure 2 provides the equivalent depths to water for the moni-
toring zones, as well as the equivalent depths to water calculated from
pressure measurements made through the QAports. This data is used to
help confirm that the MPpackers are hydraulically sealing the annulus
between the steel casing and the MPcasing. The higher pressures
measured at several QA ports in comparison to the pressures recorded at
adjacent ports in screened monitoring zones indicate that the
MPpackers are hydraulically sealing the annulus as intended and that
the steel casing welds are water-tight. The fluid pressures in the QA _,
zones are expected to change and approach the pressure inside the
MPcasing as the pressure probe is repeatedly activated and deactivated
in the QA port. Long term relaxation or creep of the MPpackers may
also permit a gradual decrease in the pressure measured outside the QA
ports.

3.6 Hydraulic Conductivity Testinq

A rising head hydraulic conductivity test was conducted at each moni-
toring zoneprior to purging. Preliminaryvaluesfor hydraulicconductivity
were calculatedusingthe methoddescribedby Hvorslev(1951). The hydrau-
lic conductivitytest field resultsfor MW-3 are summarizedon Table 1.
Datasheetsand plottedresultsare providedin AppendixB.

3.7 Purginq

Development and primarypurging of individualwell screenshad been
carriedout by the drillerusing a straddlepackerapparatusand submersible
pump. In addition,eachmonitoringzone was purgedindividuallythroughthe
MP Systempumpingport couplingthat had been installed. The purge crite-
ria, as statedunderthe subcontract,was to airliftfrom each zone on the
order of 3 hours. Purgingwas conductedfromFebruary12 to February20,
]990. Resultsare sumarized on Table 3. The purge records(pumpinglogs)
for each monitoring zone are provided in Appendix C.

f Wcstb InstrumentsInc.ay
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3.8 FluidSampling

Fluid sampleswere taken from eachmonitoring zone with the Westbay
-... electric samplerprobe equipment and transferredto samplecontainers in

accordance with instructions received from Ebasco representatives.
Westbay'squalitycontrolchecksfor takingwater sampleswere followed. If
any of the qualitycontrolcheckson a samplingrun were found to be nega-
tive, the sample was discarded and the samplingrun repeated following
equipmentdecontamination.Sampledocumentationand samplecustody at the
wellheadwere handledby Ebascopersonnel.

_'_ Four 250 ml stainlesssteel samplebottleswere run in tandemin order
to obtainapproximately1 liter of samplefluid per run. The firstrun at a
monitoring zone was used for fieldparametersonly. Subsequent samples

,_ were transferredby openingthe bottomvalveof the bottomsamplebottleand
allowingthe sampleto flow into the appropriatecontainer.

The decontaminationprocedureusedon the MP Systemsamplingequipment
was to swaband rinse the samplebottlesand samplepathwayswith an Alconox
solution. Thiswas followedby two rinseswith clean water. Ebascospeci-
fied and supplied the cleaning agents,rinse water,and decontamination

_. procedures.

4. INSTALLATIONAND HONITORING,MW-4

-- Installationand monitoringwork at MW-4 began on February15, 1990and
endedon March 6, 1990. Followingis a descriptionof installationproce-
dures.

4.1. Final Preparation of Monitorinq Well Desiqn

A casinginstallationlog drawingwas prepared on February15, lggo
showingan arrangementof MP casingcomponentscompatiblewith the described
positionsof the five stainlesssteelwell screenspreviously installed in
monitoring well MW-4. This informationwas provided by Mark Cutler of
EbascoServices. The MP packerswere positionedabove and below each well
screen. MP measurementports and pumpingportswere positionedwithineach
of the well screensections. Additionalmeasurementports were positioned
betweenthe monitoringzones for QA testingpurposes(QA zones).

4.2 Layout of MPSystem Casino Comoonents

On February 15, 1990 the MPcasing lengths and packers for MW-4were
laid out on casing racks. The MPcomponents were arranged in the order in
which they were to be lowered according to the casing installation log.
Each casing length was numbered sequentially from the bottom of the moni-
toring well, and an appropriate MPcoupling was attached to the casing top.

· The length of each MPcasing was measured and recorded on a Casing Length

Westbay'InstrumentsInc.
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MeasurementRecord,which is providedin AppendixA. The MP casing compo-
nents were protectedby plasticshippingcovers which were left in place
untilinstallation.Magneticlocationcollarswere clampedto the MP casing
2.2 ft abovethe centerof each of the measurementports locatedin a moni-
toringzone. Magneticcollarswerenot placednear the measurementports in
the QA zones. The entirelayoutwas storedin the Westbayrentaltruck
overnight.

4.3 Lowerinqof the MP SystemComponents

The MP casingwas loweredon February16, 1990. As each componentwas
removedfromthe rack, the casingtype,couplingtype, and sequentialnumber ,_
were checkedagainstthe casing installationlog. The component was then
attached to the MP Casingstringbeing loweredintothe drillhole. Each
assembled pair of joints was hydraulicallytested by applyinga minimum
internal pressure of about 80 psi for one minute. The pressures used and
the test results were recorded on the Casing Installation Log. This proce-
dure continued until all the MPSystem components had been placed in the
drillhole. Table 7 is a summaryof the depthsof the MP System components _.
installed. Table8 is the MP systemCasingInstallationLog.

4.4 Inflation of MP System Cas_nq Packets

On February17, lggo,the MP casingpackerswere inflated in sequence
beginningwith the lowestpackerin the monitoringwell. Westbay's packer
inflation toolwas used for inflation. PasadenaCity tap water providedby
Beylik and obtained at the JPL sitewas usedto inflatethe packers. The
gauge pressureand volume of water pumped were recordedat intervalsand
plotted for each packer. MP PackerInflationRecords for the ]0 packers
installedare providedin AppendixA.

4.5 Fluid Pressure Readinqs

Fluid pressures were measured February lg, March 2 and March 5, lggo.
The plotted results are attached as Figures 3 and 4. Copies of the data
sheets are included as Appendix F.

4.5.1 MonitorinQ Zone Fluid Pressure Readinas

A plot of the equivalentdepth to the water level in eachmoni-
toring zone is shownon Figure3. Data from the five monitoringzones
is shown,but data from the fiveQA zones has been omitted.The accura-
cy of each pressure reading is ± 0.5 psi or approximately ! 1.2 ft of
water when the raw field pressurereadings are usedwithout further _
corrections. When a procedure Westbay calls the Field Calibration
Method is used in takingthe readingsan accuracyof approximately
± 0.13psi or approximately± 0.3 ft of water is obtained. Further

increases in the accuracy of the pressure measurements can be made

.i
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_. using the transducercalibrationrecord withtemperaturecorrections.
These lattercorrections havenot beenmade in plotting Figures3
and 4.

_- The fluidpressureresultsindicate that a downwardgradient of
approximatelyeight feetof water existsfrom the top to the bottomof
MW-4. To our knowledge,no fullyscreenedstandpipewells are in close

,_ proximityto MW-4.

4.5.2 QA Port FluidPressureReadinqs

Figure4 providesthe equivalent depthsto water for the moni-
toring zones as well as the equivalentdepthsto water calculatedfrom
pressure measurementsmade throughthe QA ports. This data is usedto

-- help confirmthat the MP packersare hydraulicallysealingthe annulus
betweenthe steelcasingand the MP casing. The lower pressures mea-
sured March 5, lggoat severalQA ports in comparisonto the pressures

._ recordedat adjacentports in screenedmonitoringzones indicate that
the MP packersare hydraulicallysealing the annulusas intended and
that the steelwelds are water-tight.These QA zone fluidpressures
are expectedto changeand approachthe pressureinside the MP casing
as the pressureprobe is repeatedlyactivatedand deactivatedin the QA
port.

._ As indicatedOn Figure 4 the head in QA zone g on March 5 is
similar to those recordedat the adjacentmonitoringzones. A supple-
mental test was conductedMarch 6 to confirmthe propersealingof the
MP packers. This supplementaltest indicatedthat all of the MP pack-
ers are hydraulicallysealing the annulusas intendedand are func-
tioning normally. An earlier supplementaltest conducted soon after
installationhad not providedconclusiveevidencethat the HP packers
were sealedagainstthe 4" steelpipe. Thiswas probablydue to a
suspected pronouncedaxial seam on the interiorwall of the steelwell
casing. Long term packercreep intoany irregularitieson the interior
casingwall over the interveningtwo week periodmost likely resulted
in the differencesbetween the resultsof these supplementaltests.
These suspected pipe irregularitiesare not expected to adversely
effectthe long term use and performanceof the MP packers.

4.6 Hydraulic Conductivity Testinq

A risinghead hydraulicconductivitytestwas conductedat each moni-
toringzone prior to purging. Preliminaryvaluesfor hydraulicconductivity
were calculatedusing the methoddescribedby Hvorslev(1951). The hydrau-
lic conductivitytest field resultsfor HW-4 are summarizedon Table 2.
Data sheetsa_d plottedresultsare providedin AppendixB.

i
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4.7 Purqinq

Development and primary purging of individual well screens had been
carried out by the driller using a straddle packer apparatus and submersible
pump or airlift. In addition, each monitoring zone was purged individually
through the MPSystem pumping port coupling that had been installed. The
purge criteria, as set out in the subcontract, was to airlift from each zone
on the order of 3 hours. Purging was conducted from February 22 to Febru-
ary 26, lggO. Results are summarized on Table 4. The purge records
(pumping logs) for each monitoring zone are provided in Appendix D.

4.8 Fluid Samolina

The sampling protocol for MW-4was the same as used for MW-3, as de-
scribedin Section3.8.

S. TRAININGACTIVITIESAND FUTUREOPERATION

SeveralEbascorepresentativesreceivedan introductionto the basics '_
of MP System installationand operation. They are: Mark Cutler, Hans
Papenguth, DavidNye, Abid Loan, and Mike Barnes. FutureMP Systeminstal-
lationsat this site underthe directionof Ebascowould initiallyrequirea
g-man Westbayinstallationcrew. Similarly,subsequentpurging or moni-
toringactivitieswould initiallyrequiretwo Westbayrepresentatives. .

Following the installation of several more MPSystem wells it should be
possible to reduce to one, or perhaps no, Westbay representatives provided
the designated Ebasco personnel have been adequately trained. The individu-
als named abovewould requirethe least additionaltrainingtime due to _.
their exposureto the MP Systemwith the work describedin this report.

0650.comrep
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Figure 1. MW-3 Pressure Profile.
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TopofMPcasing

_,.... , Definition of Terms:

Ground Dz = Depthto staticwater level for monitoringzone
Surtace (belowtopof MP)(ft)

Dp=Depthofmeasurementportvalve
(belowtopof MP)(it)

Dz
P= Outsidepressure fromfield data (psi for pneumatic/

Dp p_abr ek_ic)

_ Patm = Atmosphericpressure(psia)

H = Pressureheadoutside MPcasing (ft)

w ,=weightofwater with densityof
'_' 1.0g/c_ = 0.4335psi/It or 1.42psi/m

'- Water level
inside MP

H

Measurement Calculations:

Port forpneumatic probe (la)Valve H= P
i

w

forelectricprobe (lb)H = (P- P atto)
i

w

'_' Dz= Dp - H (2)

Piezometriclevel = Elevationof top of MP - Dz (3)

WestbayTechnicalNote
_' Date: August 1, 1989

Figure 5. Piezometric Level Calculation Using
Direct Method
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"- TABLE1

Summaryof Rising Head Hydraulic Conductivity Test Results, NW-3

Test Zone K(est)* (cm/sec)

2 1.1 x 10-4
4 5.4 x 10-4
6 6.0 x 10-5_
8 7.0 x 10'4
]0 8.9 x 10-4

* After Hvorslev (1951)
** Test zone numbers refer to the MW-3casing completion summary,

Table 5

Note: Data collectedusing,pressure probe EE172 and a Toshiba Laptop
. computer.

TABLE2

Summaryof Rising Head Hydraulic Conductivity Test Results, HW-4

'_ Test Zone K(est)* (cm/sec)

2 1.1 x 10-4
4 3.0 x 10-4

_- 6 4.1 x 10-4
8 3.6 x 10-'4
10 7.2 x 10'_

* After Hvorslev(1951)

** Test zone numbersreferto the MW-4 casingcompletionsummary,
Table 7.

Note: Data collected using pressure probe EE172 and Toshiba Laptop
computer.

-" 4.'. ' ' . ·" '_:: _' ·
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*_ TABLE3

Purging Record Summary,!_1-3

Project: NASAJet Propulsion Laboratory
Location: Pasadena, California
MonitoringWell: MW-3
WestbayProjectReference: WB650-90

Descriptionof
Monitoring Date Volume Purging Dischargeat

_ Zone No. Purqed Purged Duration End of Purqinq

2 Feb 12,13/90 74 gal. 5 1/4 hrs. Hazy
_. 4 Feb 13,14/90 96 gal. 4 hrs. Light Brown

6 Feb 14/90 57.5gal. 3 1/4 hrs. Trace of Silt/
Cloudy

8 Feb 15/90 45 gal. 3 hrs. Cloudy
10 Feb 20/90 73 gal. 4 hrs. Hazy

TABLE 4

Purging Record Summary, MW-4

Project: NASAJet Propulsion Laboratory
Location: Pasadena, California
Monitoring Wel1: MW-4
WestbayProjectReference: WB650-90

Descriptionof
Monitoring Date Volume Purging Dischargeat
ZoneNo. Purqed Purqed Duration Endof Purqinq

2 Feb 23/90 63 gal. 3 hrs. Clear
4 Feb 23/90 65 gal. 3 hrs. Clear
6 Feb 24/90 78 gal. 3 hrs. Clear
8 Feb 24/90 59 gal. 3 hrs. Clear
10 Feb 26/90 65 gal. 3 hrs. Clear

( ) 14/¢$tbayInstrumentsInc.



TopofMPcasing

' ' Definitionof Terms:

Ground Dz= Depth to staticwater levelfor monitoring zone
Surface_ (belowtopof MP) (It)

DMp = Depthto water insideMP casing,
from_u cma(bek_wt_ofMP)(n)

Dz
Po - Pressurereadh'_ outtdde MP casing (psia)

DMP Pi - PressurereadinginsideMP casing (psia)

P arm = Atmosphericpressure (psia)
Static

water level Hi - Pressureheadinside MPcasing (it)

Ho= Pressureheadoutside MP casing(fi)
+ AH

Z_H= Pressure head differencebetween

inside MP monitoringzonepressurehead and
casingpressureheadas measuredat

me_urementpo.va_e(_)
Ho w = weight of waterwith densityof

Hi 1.0_n _ = O.4335_ or 1.42!_m_

Measurement Calculations:
Port
Valve Hi = ,,(,Pi-,,,,Parm),, 11)

w

HO = (Po - P atm) (2)
j m

w

AH = Ho- Hi = _P9' Pi (3)
W

Dz= DMp-AH (4)

Piezometric level = Elevation of top of MP - Dz (5)

WestbayTechnicalNote
Date: August 1, 1989

Figure 6. Piezometric Level Calculation Using '-
Field Calibration Method

Westboylnstrumentslnc.
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' _QV MP System
J ___lnc./ - Casing Installation Log
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" "[/_otbcIv MP System
J b_m_t_enlslnc./ . Casing Installation Log _._-
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Location: J_4___l: _At-,_w_,_!A /ole No: .//_/_J- _- Installedby:.._//_//_. P__/v_5

HoleDepth: &OS MPDepth: '_4-_ HoleDlameten.J.Z_ _ _ Date Installed:_ _'._ I_/_,O

MeasurementDahJm:_x,_,. _u_/_r__/,4_,/_,e_.-r-Datum Elevation:. Dote Drawn:_/
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-.' '.- Wcstba,l/lk _ InstrumentsInc. /

Project; A/.l,J..._./. ,_,,,_..c'"",,uL4a,,_._y/t'_,4¢?.o Dote: /_'./_./?_ ProjectNo.: _ _.5c.

"'"' Location: ,,'_,,,_v,4; F__¢./.,_4.,¢,,4 DnllholeNo.:/E/,f/-.3 NominalB.O.H.:_.,,_.Ot
7'"= &._'F

CasingSize/Type:Itllc,_P--/--e"tt_ Measuredby: E_./_.$. Checkedby:.
hlPm ! m

Nominal Me_,3___,,eclCutr,rnu_c;tive
Section Serial Description Length, Lenglh, Lenglh, Mem. Centro_zers Magnetic

No. No. tr. m. ft. m. ft. m. TemD,C Collors

/ /o+,_ /_.o/. -. u,53
z- 10_ W-_I_,'°*_ -,935

3 D*¢ +.oo_. ,-._37.

_ lo+m -_.ool -,"'1'-,*.8
5 _+_. -.o8- -.:_58
6 ¢ 4 ¢,. ..+'.oo$ -.363
'¢ lO _ P1 e. 008 -.3,71

,,,,=

- S Io_¢, * .oo_- --37G
¢ ... 10+?,, .4. ocq ,-'S7 7

i Io 10..,_ _ .aox, -.377, ,, m,

/I to-t(',. , .oo I -. 378, ,, ,,

....12. I o,+_....... ,...t.o9_ -.586
L_

14 P + P ,.ool -.39g

_' ,,LC I o .__ _ .oo_ -. "too
I_ _ -+r{ - .o_ -._-o
I;_ P *r-. -..oog - '.._ ....
/_ /o-_ -_.ol -,sz.9
/¢ ta-!-_ -;,o ; -.sz_Ill

- ,,,Zo lo4g -- - ._,_
z/ Io ,iz. ..-- -.._z4

- z_ t o 4 t( -..... - .._z,.t ....
zs lc, +g .... _-.oo_ -,_3,.._ .....

ZS lC >4/_ _.c_g -._q5m

z_ I beg, -- -.S43
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-' -' Casing Length
' ' Vl/estbq/i ti
_ W

_IV Jl'tstrumer_ts Inc./

Project:. /,//_,_ TE7 ,_/_O/_QlE/O/v'/fi_47_V Dote: _'_ /O/f'O Project No..&,___z._&_..o_

Location: _,c-_._/v',_ . /'_Z/,_,E/V/,_ .. DrtilholeNo.: _&/-3 Nominal B.O.H.:. 'TZO"

Cc_ing$ize/!'ype: J_,,.J',cI._'"/4P Memsuredby: E/_///__3 Checked by:. -'--"-
4

Nominol Memured Cuttu_ul_tve -_
Section Serial Description Lengtl% Lellgltl. Lengltl. Meas. Centtaize_ Magnetic

No. No. ft. m. ff. m. ff. m. Temp. C Coltars

$z Io+f_ -.oog. -.s6q
m m

33 Io,_ ,.oo2. -._6&

.

$5 I0_t_ ,,, -!-.oo?.. - .577

,$£ 2-_/_ _ ,_-- -.S77
3q ..... 5 -_R .._,, -, o?g -. _o2.
3_ , P+'P,, *.olo -.3os _
Se _o,M .. _.olo - .:5.o,4

4° 5 _ iR . -. 076 ...- _?.._ '_
44 _0.-t.F,. -_. oo5- ,._Sg ',_
4Z 1o-t/2, 4.ool - .T..B'.f

i i

,4.s to _R, ----..- .,,z.Bff
44. _o-_ ---- -.2_

I iii

4_ )6 +e_ 4 ,ooz --.?-36
'k, =J-_ -.--.- -,Z3&

..,_ . .__ R, --- -. _3
48 _o,, - .06_ -,_&7 -
4f IO +I_, - - .167

Io 4-R. ---- -.167

_z lo+fl "-00( -. 470
5] E-tI_ - ,o u_ - :..p'_z ...... -
._, ,, p_ ...... .,.oot - .o_$
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,,56 .. Io 't,R , -,.oo5'-. o ss

..,¢7 tO,C,....... -.oa_ - ,o_-7 ,,,
5_ lo -t.¢_ . --- . -.os-_ ...._/
g'_ Io._K .-- - .oe_
_0 5+R -.o7_ - .oq':t...... lO07at
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-._ I Jl
Al' Instruments IBc. /

Project: //_/I£_ 4"'£7 F_6)t_O/.,51q.,vZM,_,CT_/8/ Dote: £_Z /_/_ Project No.._'_

_-- /ocofion: .. _.-_t=/w 4 _,///_/_. Dn'llhole No.:...?_-._-_ Nominal B.O.H.: '_20"

/.E r_ Ue_-'uredby: E_'/_/'_ Checkeclby:.Cosing Size/Type: /_'_,_- " -_-!

_' Nomim31" Me_urecl Cummulc_tve
Section Seriol Descril3fion Leng_. Lengl_. Lengfi% Meas. Centro_ers Mognefic

NO. No. 17. m. fi'. m. lt. m. Temp. C Collars
im
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"'" MP Packer

' ' IA/_tDov Inflatio Rec
I I
I I_ _ Ir,slm_t_In_.-- F1 ord

Project:.tJAsA _"PL '/_'GASco CompleteclBy: .K_.¢_ _,_¢&_o,.,.5_

.... Location:..PASA 1::21_N_,C.A_.IFo_,I_I/_ Dote Completed: . _-_- I_'. Iqqo

HoleNo.: _vd--3 . . Datelnfiatecl: F_-_. I1,1_c_0

cA$1*_G ,1_3 --- 6,6 7PackerNo.: . Depth (ff.) ..6 (__f / /
I

InflationToolSetting(psD _ BO i_ _ /,0 rain, Depth to WaterTable (ff.) _-_I
L_y

._- Volume Quarts /,0 /,5' Z,O!_.5 3-O 3.5' _,_s.'l; _,1 _.,_ _.5',,t

PressurePsi __._0 2.(_G Z._O 7-80 7..r8_ _.._5'7_EE'?-'J0'z.'to 'Zc/o _-_5-

"_ Plotof Gouge Pressure(psi) vs. Volume (Quarts)
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' ' [/L/C:___ Inflation Record
N la
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I,. ,aw Instrumentsinc.

Project: NASA, =PL. /EBA.5co .... Completed By: K'. _o_sf..

Location:P_._ADEMA cAI,.IFoI_MtA DoteCompleted: F:_ !_ Icl_o

F_6Hole No.: M _r-3 Dote Infiatecl_ IIj 1990

PackerNo.: _AS_._& F._.F..tI_T _ 6 Depth(ft.) 6 _f4 _ -' (;, H'7 /
/

Infiation Tool Setting (pst) _- _O1_.i (2. [,,,,,_. Depth to Water Table (ff.) JBI

ii ii

Volume Quarts I.O /.5' Z.O _.O _.o H. 5' q,'7 _j.O 5.?.. S. ff ._
i i

PressurePsi _:50 ___0 '7..70 7_..'70 ?..Bo 1_80 .zS_- ?._c/O 7..,_o 7.._0

_s.6 _

Plot of Gauge Pressure (psO vs. Volume (Quarts) '_
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· --- MP Packer
' ' H/ sfiS ?811 m

' = Inflation Record_. I_ J IrlsJruments Inc. /

Project:_A_A=pL. /E_A_c.o Complete_By.-%-_
,_ Location: PASADJ[_A _..At.IFo_,/_JA Date Completed: _:¢._ J_' [elgO

HoleNo.:. PI'._/-3 Datelnfiatecl: F¢_ I{ I_qo

"'_ PackerNo.: C.A$1N& E/.EflEM'/' _ It Depth(ff.) _ 6 c// - $ 72-- /

Inflation Tool Setting (psD 2. 8o_, _ I m i,_. Depth to Water Table (ff.) ! 3.1 /

i

_. Volume Quarts '1.0 1.5' 7....0 _.0 u('.O ,_._ 5._ 5'.S q.'7
. . m m m ,

PressurePsi 7_5o 2..E)52_70 __8o 27o .2fl .3oo _3f 0

-_- Plotof Gauge Pressure (psi") vs. Volume (Quads)
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- - w bcyB m _

' = Inflation Record,,liP' InslrumentsInc.

Project: N A5_. _'Pi.. /_' E,_ Sca Completed By:_,_n_,=_

Location: PASADEMA C..ALII=OP._I_. DateCompletecl: _ f///9o

HoleNo.: M _J -3 Date Inflated'- F_. I(., I¢_O '?

PackerNo.:_,.C-A.'%IMG,' IEL£f'tE. kl'r _ !'7 Depth(ft.) ._fi._!..... _._.p_.t

InfiationToolSetting(psD ._[1_ _ __. I,.;,,. Depth to WaterToble (ff.) 131 /

i,,iii, i,i , , t i

Volume Quarts '1.0 I-_' 2...0 5-0 4..0 _"-q 5.0 5'.5 5'-7 0_._i u i ii i i i i

PressurePsi .fig '?_60 Z'ZO F--8o _5 Z_)_ 2'_t? 2_o _ 0
[eo.ali.,_l;'-l--.-k,_,., I.i,,m.4_._4'Ire..lis_iis_,_-+io_

Plot of Gauge Pressure (ps_ vs. Volume (Quarts) ._

$$o
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Project: NASA _PL /E 8/:L5_ Completed By

L_atic_'t: PAsADE._J_ c.ALl_-of,_lA Date Completed: _ //,/?0

HoleNo.: PlW--..-3 .Datelnfiated.. _-to 11.,1_;90

PackerNo.: C.A_,IM& _..E_I_T _38 Depth(ff.) 357 I - 3bO'

mllati_T_!Setting(psO _ _O ?i (__ I_,d,, l::_pthtoWaterTable (ft.) 13l. t

iiii

_.. Volume Quarts /.D 249 3.0 4-.o _.o 5._ O,8
i imil

PressurePsi _.50 _._ Z_5 ,Z_O 30_ _"_o O

____' Plotof Gauge Pre_ure (psi) vs. Volume (Quaffs)

· () '"
() i
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VOLUME.(Quarts)
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' " Inflation Reco-. - rd

Project: NAsn =' Pc /E SA$c.o CompleteclBy:-_:_,_._...___ '-

Location: pA SA OF.MA CALI_'oI{MIA DoteCompletech _ ///_G
/

HoleNo.: I'1V,J -2, Datelnfiatecl, 1_*_ I/. !?'20

Pac_rNo.: C_,$t_, EL.F_tlEK/T _,gH Depth(fi3 , ,_$7 / - 3_0 f

lnfiati_ Tool Setting (psi) _ _ .!_; ('_ I ,.,,;_ Depth to Water Table (ft.) I _ J /

ii i

Volume Quarts /.'O 2. o 3.o _.o _.5 5 o 5'-?.._' 5-5 !5..7_' _,9/..... _/'eJ ,,_

'Pressure Psi Z.XSig_$ _._t'O Z__._,,,,_S Z.O_ Z_35 Z'7o 7-c70 O
i z, _ i i i i i

[¢_d;,,gs 4o..k_,._- I _,;,,_u.-I.e.-P..,,..._Ii.. isGIo,iic_

Plot of Gauge Pre_ure (psD vs. Volume (Quarts) ,.
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' ' L/I/_St_,V Inflati--" Record
R m
I &l
4m_ J _trumentsInc./ k_il

Project: NP, SP, ?PL / E.SASc. o Completed By.,J_,_,_L-_I_

_,.. Location: PA _ADEMA C..ALt FOR.IMI_ DateCompletecl: _ /t,/?O

HoleNo.:.,,t_, IM-3 Dotelnfiotec!: _6 Il.: !_/0
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_- Appendix C

MPSystem Well History, MW-3- 2 Sheets
Pumping Log and Pumping History, 1_-3/Zone 2 - 2 Sheets
Pumping Log and Pumping History, MW-3/Zone4 - ] Sheet
Pumping Log and Pumping History, HW-3/Zone6 - 1 Sheet
Pumping Log and Pumping History, HW-3/Zone8 - ] Sheet
Pumping Log and Pumping History, MW-3/Zone10 - I Sheet
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A

" ' l/I/estboy,," m" MPSystem
_'v_' _lnc. Well History

· LOColiOl',,:¢_S,A DP.UA c.,Au PoQ,Idtil_ , , Well No: ...._ Vu/--_,_ Instollecl Dy:. _..I_. _,_,S.

Hole Depth: '720 _-It. MPDepth: _ B_{_-'{ * Well Diometer _'_' '.___Dote Irma,ecl:.gr.b. IZ31eeo
Me_ement Dotum:Toe e_0 '7.5'°sJfccl DoturnEievotion:..

i

,._ DATE b_'-_HTO I)¢_HTO r..,OMMEN_WA11_ WATER

0ELOWl_,/._/_ /ON. PLq_B),43A_____.AIUS/DATEI_E._aJRE_1Est,ant _ _ r _ tlc**
iii i i

I K TcgJr 7-..o,,t. P---. GfS'-l-, _ ' P_lp_"_ POi'+ I

1;,_.,__ /_,_.odClo_ p...o,...P0.,(,_1.,,,,.,¢_'-_

I

· I( TN$ Il t _'0

: =11

p27;.;, 7.-*-- (,

- /_,:_z_'l::':.' ' ,4pz> /./z,_ _ /_p _s,,_c,
ii iii

/_,:_,,../z¢.,54-
i ii ii i

' '";,-_. /z_, _.,_- r..__,,r_,_--_.,-_.

_F,J,l_h:_"_.,.,./_o.,r_' _o_¢ _o,_r s%" _0_.o" _'4"..o.-,,,,+ i,.

_ s:o_, F.(.s$' H,,J,o._b,. _.,,_.,_,._,,'1',,_._' A,Ad_._,..c,4-oc.,,._,_,,,_

- _ ?._- /-'/._.' _,., y_._,,.,,

_ rzq._' 1g;3,9 C_s_. R,_:,.. I,,,,f ;z,,,,_ /O.

· . iZ$.'33i' .--_ _:4_ .: _ se.Id _' _,,,,, lO
. IZ._.37/ I_:¢2. II

, ii



A
_ Sheet of_

·. - MP SystemII. W

_" _m_c./ WellHistory
."_

Location: _A_,_¢I_& C..A ,, Well No:. D.._J-3 Instolleclt:)y: _IL, IL._

Hole Depth:_ MP Depth: [ _B' Well Diametee _,_/_,#$fZ_.Date instollecl:,. _=-[ I_, Ig?o ._

Measurement Datum: _*.p o_ ?.S'r _ Datum Bevation:

WATER wATI_
;!tB.c_vMp BELOWM_ zoos _/I_iE. _OHGSSNVl)U_,,OATE.pUMp,d__ STA._S/DAT_pi_SU_ I_CA.E/DA_ _'_
:START RNISH ZOI_:SKTESTED/DATEETC.

...... i, i

:r._/,_ 4t.H.' /_,z,'_r'_. o _,,,_L;.,_,.,;.,,,b,,;I_.J,_o,,,,,_,_lo_,Zo,,_-c._,,a,

i

.-.:.. ,.. I_&ar;' $4,_u_.. &,-_g/r2'A_' z_,_/_..Z

1

· ...

..........
i.



- -· mm PUMPINGLOGu I
_ rmrumentslta. MPSystemPumpingPorts I/_

t

' Client: !kJ'_k_P[:_PL /ESAsco Job No.: WI_-650
-- . Project/Location: _ASADE_aA _A Technician(s): i_.$. !=_.i_

Borehole No.: 19_)--3. Date: F_._, II. I=,_o

-- Drill Type: M_) Ro-r_f._4 . _'_oSc, P_u_._-- _.,_-_c
Drill Fluid: _'tu-toNcr_. _u.O _,sPAcr- ,

-- Zone NO' : _ ' _' 'm ' : .... ' interval Length: Sc&E$1_ _SO- 6_0' 8G._

Hole Size: 9_ _ _._ ko_._y interval Depth: $_ &IS'- 679'
Elevation Head(v_t G.S.): ---

RecommendedMinimumExtraction: ---.°

Date/TimePumpingPortOpened: F.6_q-,_eeoI_'q7 Closed:_&' /$,/_o /j-3o

PumpType: A _ _,_ (lo_e*_)

PumpingHistory

Volume Cumulative Pumping AH Comments
-- Date Time Pumped Volume Rate

16:15' B_ _ I._ I_6._-c.eH 7.5 S,. _oo_,.&

16:Z$ E',,_ 5 7,._' si;_l-,_ly N._y

-5--;,

7zF
7:._0 8_ 1/6 \

- B'_ 1_' /

ApparentTransmssivity:T = /



' · M/eslbovmm Page _.- of
IL J InslrumenlsLtcI./ PumpingHistory

, , ..

Volume Cumulative Pumping _X Coments
Date Time Pumped Volume Rate

., ,,.

,,,_Y ,o_,_
--_'jt. lr jlt_,t .._,,,_ %,,t .-.-.-.-.-.-.-.-.-_._.,_&_6_ '_

J.,_ _0_ ....

o.5_ "/_Z.
, /t

2S'

' kI0:O7-- _._"-.17,!!" t.¢s,_, lg_. _'_-,
s4 _._ r A

m l

l,,

/I: o_, !+,_'.._"

u

c_,d= _g.*Js

t
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W

" "' PIJMPINGLOG· M

_ r_nent_ ua. HP System P_ping Ports

Client: /_$4 ' .TP_/F,_4Sco Job No.: _/_ _5o

Project/Location: P_:__.A/A; C4:t_o_14 Technician(s): /_//,f_ __
Borehole No.: A/W-.3 Date: /_'___ _/_o

'_ Drill Type: /_'?' ' ' _r'_ _- d_"
Drill Fluid: N/v_ A_o_r ,_-,-F_"

!

Zone No.: ,_ , Interval Length: _._

Hole Size: _ _ _r Interval Depth: [_-_ I_ _._! ,
,-_ Elevation Head(wrt G.S.): ---

RecommendedMinimum Extraction: ---.o

Date/Time Pumping Port Opened: ,_'z_/._'_, Closed: f_: ,'_,¢,_0
PumpType: /_ll' /-i '_': -'

_"' Pmaping History

Volume Cumulative Pumping AH Comments
_- Date Time Pumped Volume Rate _ e._., ,, ,,, ,

- ! 4:/o 11.4,1, :4'_,_ //,,?x
_/ t * ?N 7.?.. T/_.s ¢/_//:_._..,

o.-_9 _ _£ ','.., ,.. ,,,
- I_:z.'z- + 7.,Z' _. _,..,,,,,_'_:_,_-..

· · _e.4_... f,&,rr'ur_ _/""'

' _/_,_"_e_g_,,/,:../_ ..,,,,4"

+ _r_- (':'/L_,i _..,.,,o'/, _e_rr e_,,,,.,_u._

Apparent transmissivity: T =



-- Westb?,y_ PUI_I;(G'LOG
m Bi
lk. _ Instruments . HP $ystm Pumping Ports
'_' Vt

C1lent: ;TP/- ,/£SA....Rc..,c_ adb No.: Z4./B_ _C_ _'
Project/Location: ._vA t _4u_vM Technician(s): g.£./_-$./_/_z &_v_s

Borehole No.: f_LO -'_ Date: _ ?_/_;

Drill Type: ---
Drill Fluid: '

Zone No.: _ Interval Length: _/_ /

Hole Size: _?_g,/ f- Interval Depth: _2a (- _,L_ _
Elevation Head(v_rt G.S. ):

Reco_ended Minimum Extraction:

Date/Time Pumping Port Opened: /'_/_/_o Closed: ./o:_p F'_4 ;¢,/70
PumpType: td,xe,oG.e_ L!r_

55e,,.Ib_.,..-,_i . s,"/_.-e, e4.
PuaLoingHistory /

Date Time Volume Cumulative Pumping _H Co_ents
Pumped VDlu_ Rate

::_, · _ _¢,~ 'o,'_o . '........

7:s_. &-_.t_._,., '"'",b

_:z,_, -t,,_£ '- clo_¢ ,,

t

I

i ii,

:/

,i ,, i

ApparentTransmissivtty:T - "_'



°.a. .-c,_,

dm_ e_-

-----,,vv'estD,',.,
m. ,z;: qlll

Ii m ,.7.ill' Instndments Inc., HP System Pumping Ports i/!

Clien:: _A_ _'Pu //_gAsco Job No.: _SO

,_ Project/Location: PAS_O_A c_ Technician(s): _ /X/?

Borehole Ho.: I_W-_ :ate: /G_ /_/¢o
Drill Type: --

_' Drill Fluid: '-'.-

Zone Ho.: _ Interval Length: X__ /

_' Hole Size: _/_' Interval Depth: _7_/-_0 /
Elevation Head(wrt G.S.):

_' RecommendedMinimumExtraction:

Date/Time Pumping Port Opened: !_-t_5' F_S'/9o Closed: _ 16AD _:o I
-- PumpType: _t/ _/_,L

Pmaping History

Volume :umulative Pumping
Date Time Pumped Volume Rate AH Coments

. r.:_,_t,oIt_.:soJ ,_,_",._,,.
( /._V_.,i,.l&arr'

- m-?_-_ d"rom,..Z-%S,_J, -r,_?.o?_._,! S_._g h-.._4-_C(o-._-r

1_:3'Z.. +_.._ r--_6,? ?L7.1 $,. 36_ C.l,:,_y
_ _:_v ,6,,,0.

Iq :_z. _.%e.

_:_ _

_:oo 7-Rd:'e'T,m_, T--!_/._ eL.7.0 .S,;._7?..__loo_cJy
-- i_CSO 7._ 2.o"To_. HI .,,

Apparent Transmissivity: T =



amr _
m I
m m

.dF Ins_umen_ Inc. HPSystemPumpingPorts
.... · ...° f

client:#_ _?_s_,, Job.o.: g_ --'
Project/Location:_t_4,_A,_- Technician(s):_/y_s

Borehole .o.: __E- '_ _ O// '_
b_,-j Date: ,, x_ '_ fo

DrillType: .....

DrillFluid: :

ZoneNo.: //_ IntervalLength: .3_ /

HoleSize: _:__/._' IntervalDepth: /(_C./?_t .-
ElevationH_d (Mt G.S.):

RecomendedMinim_ Extraction: _

Date/Ti_P_ping PortOpened: _/_,/_Po Closed: _....A7_o:_')..90...

VD1ume Cumulative Pumping A H Comments
Date Time Pumped Volume Rate

/ " 7._o,E_,u.4'),. zig' .._._;.e,,..._"'

C 8'11 z;" A C_,.., .. _ C(_gy . '...

_..--- _ _. o]-17.6 i ,

c_:g?_ ,_s,/,.'T0g_.,., ._ g./7 _,_%O_,.,t,,,-T.i_.O'C c_lc,,...Jy _
I

JO:0_ q._"ro _.. mm lmm

Io:v_ Z%'T,g;.., ......

lotted%,"T.f._..., o_8,17T¢,,_ 15.?.'c Sc ctO._"/,_,,.,Lo,.

_,_-y-_c_;_ _,_-
/i, L_ z_7__ _ i

i ,

Apparent Transmissivity: T =



'_ ADoendix D

MPSystem Well History, HW-4 - 2 Sheets
_ Pumping Log and Pumping History, HW-4/Zone 2 - ! Sheet

Pumping Log and Pumping History, HW-4/Zone 4 - ] Sheet
Pumping Log and Pumping History, MW-4/Zone6 - ! Sheet
Pumping Log and Pumping History, MW-4/Zone8 - ] Sheet

_- Pumping Log and Pumping History, MW-4/Zone10 - 1 Sheet

) Wcstboy InstrumentsInc.



----- /,_,_ arum,- "' _ _ll,eet Gf

- "" MP Systemm

_. J ._um_inc. Well History

P_ec_: /VAs_ _PL'/EB4$_o WBRef: /_0
' LOCOtiOr_ _II_AI_/V_ [.AL!r.DRNIJ4 _ Well No t /_J-/4 Instolleclby: E.t2/V._.

Hole Depth:. 6 _J' t MP Depth: S& :F t Well Dlametec 12vA __14_1 Date Instollect: Pel. g/9o

Measurement Datum: ?_/_ o_: _P _J_'_x-,,¢ _ Datum Elevation: .

,_ DA)E DEPIH10 DEPIHlot. _' _-WATER WAIl_
a_LOWMP fAOWI,_ _C:_ES_ED/DA/E.ZO_.S_/DA_PUlvle__A____
START FINla-I ZONESlC1ESIED/DATEEiC.

m m m m.

, I I I lmm

m Hmmm

F_ _ Hg._' c.,..._....., '._ _._.,_ ,,.+ ,,:.___,,,. (z_o,_- _
'_ m _mm _ _1

I m

IN mm I m

- _> a_'_ !C_Io_ P_..4 z,,,.,,"f /Av_.-A;_ z.J.o_,L,J._ o_: m m
I

,- /_,('_s'Kr,'+ Zo., ,,,'_,, ?.....,..Zo., _ : c/o,; _...__.G

...Kv_' 2_o.,_ 8 P_,-_- 7_o._0 .......

.... _ ,.,:,__...e:z6 H,,A,,,,,,,.I;='E_,._,_ T¢:,4' .......i

raNI

; ' ._,_t't..

, -, .. _a.l'_' C-_.. Sl-4 I,oo' ..bo,,, c.,-.l.,,.._%r, Co','l;-5.



·If' qim. Sheet of

' ' / ba7 sv=. == MP stem
·t_ _m Inslruments!nc./
,_- WellHistory

Project: /_/ /5,.5/3, _ P_ Wg Eel: _5o _'-(/_

Location:. _;_SAbe._A) (_foR-_ t_ Well NO: I%_I-M Installed by: _/_;
dl # _/ t

HoleDepth: _05 t. MPDepth: 54_' WellDiometer._/Z Ye i/4-_r(_.i,Datelnstolled:fF_6'/b../?o
Meosuremerff Datum: $_-uj, 4_ Datum Elevation:. / il,

DATE DEPIH1'O DEPTHTO COMMENTS:
WATER WATER

Elffi.OWMP BELOWkip _ PUI_G_/DA1E,_ONES,_IVIPUED/DAIE._ FORTI_TAIUS/DATF.._ PI_OI_LE/DATE
START FINISH ZONESlCTES/l_/DAllEETC.

_- 0 A -I"_.._- _tl _. A 7_o.o_ . 5/,°-, _,_;,_ _,l _ P,.k._

...... _ _,' at r',._),_,,_y _P r___r,_t.///.t_ s _,,az. A_s;_,L

. _ _-_,,/_,,,,r,, ,_(,,M_ /o_ . ,,..

i ii

i ii i i

· t ,

i

i.

........ H.

, i , i

i i i

7

, .i. H. , , ,

. H i
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, . H. i i i



Ii mm
_ Ir /Ik.Jqk_l/ 1/Ij Insi_ments Inc.. MPSystemPumpingPorts

b

Client: A/4s4,_./_4sco JobNo.: /_/_g_;cp
._ Project/Location:/P,_s,_r_,,4__-/_.wA. Technician(s):,,_<//_S

BoreholeHo.: /_4,Y- _- Date: _ :Z._,/_'c_
Drill Type: --.
_'ill Fluid: · --

ZoneNo.: _.. IntervalLength: _'2 /

HoleSize: _/./C,: IntervalDepth: _0/- _"_Z/
· : · ,' ' ,'1 ._eu,_4ElevationHead(wrtG.S.) //Z._/ r..t,.,,J b,l &_-_-i _ttY_;._

. .... _._.z., ,:_,,4 _'/?.,
.. RecommendedMinimumExtraction: -- _ _/*

Date/TimePumpingPortOpened: ,_g2_,_ Y_ Closed:F_lezz,,,H_ _4 ,._,,_,.

_' PumpType: ,,_/rx_.c.,u_s zC/_- _-cr_< _ z/o '
/_/_-/~_- _q_ / Fo /

Volume Cumulative Pumping AH Comments
Date Time Pumped Volume Rate

i ,, ,r, , ,,L , , i

F_,_.rs ?7'.%,. · a_ ,,.,y_.,,,,- 3/'_,,,,_,,_

,_ 5'.

_'3 _ _ _ ' , _ _: _ _ m_' _ _'_ _' _

_):3S il" _, ...... * =_._,/:zl._ _. q_tx_

'h4_ h" u;.._ _._.,._7.o e_) .....
/O,/_ :_" _, _,;.: _l_.l _l _" ,,_,'

,j

'Ii

i.

ApparentTransmissivity:T =



· Em

;'- Westbay-- m MPSystem Pumping Ports1_. _F Instruments Inc.

Project/Location: P4s46_/d EgZ/_eVl/_ Technician(s): E_.//_,

Borehole No.: _,y. _ Date: FeYo2_,/?0
DrillType: ---- im,

DrillFluid: --_

Zone No.: , _ IntervalLength: _

Hole Size: _1,_ c_. Interval Depth: ._;_>_ _,7_

Elevation H_d(wrt G..S.): _

RecommendedMinimumExtraction:

Date/Time Pumping Port Opened: Fe__T_o Closed: ?=_4,_. FF__,_+/?o
PumpType: _'/_._ r_._ Z,._C.f- g'-"_'~_,-

d

Volume Cumulative Pumping AH Comaents
Date Time Pumped Volume Rate

fed,_/_2:zx ,_z_"r,,,,,._;,,
· f

( ' ,
J 'l_: O q m'f " " .... I d&'_ '* _ dVllkll_ _

_t:%_ _2%",, ,,:SLi T,1 #%,,::t,-_._,,.r%=,.,,s,_.i _
_;0'2- Iq " R _'7.6 _}_J t%e_ (a}_.ST,))T-_lel, I 1_.= aqlO_)

5,2/.t )/5 _ ,_&C.O ;,,J &,,,_k-_.)qT=_q._s,.,.*-.¢-_
,.,. .,

i

,l ! ,, ii

i,

,,i ,

Apparent Transmissivity: T =



kVesiDOy ,/,
m, _ _' Pt,J_tPINGLOGlit m

· m MPSystem Pumping Ports '"eL J Instruments In¢

"_ Client: /q/4s4 _.£/_Z5 _S (o Job No.: /44_fi0

Project/Location: / P.4j4z_._._ > _ . Technician(s): _/_/_c.

Borehole Ho.: 4_/- & Date: _ 2/_//?o -
Drill Type: .--_.

_ ii m

DrillFluid: · .---
ii ii

Zone No.: _ Interval Length: _% /
Iiole Size: _; :_ Interval Depth: _:;_-Z_. __'-'' i i.

Elevation Iiead(Mt G.S.): ---

Recomended Minim_ Extraction:

' Date/Time Pumping Port Opened: ~qya',.;..._zZ4/?O Closed: ' /Z._o,.._. _2_/eoi

PumpType: ff,_f_ _.,_r' -- _ F.a,_ _-a z_' , d,_uo_ _ /_ _ ,,

_,'__. _... r,,_,_,, m,,_ _.,s,,_t la.,,~u Ptmloing History _/_u_ r_,_-_ /_4.e,
_.{,,'/,.,:(_1 ..... -' ' ;.}-4¢::.'-_'7:;'._}, ,So.[,

Vo1uae C_mulatire Pmping _lt Coments
Date Time Pumped Volume Rate

i

_.cL /o,os_,......._.. gl,_. /A._ ._[ ,_ ..ova.e,_.,,,- ,,. _.._ ....
... _:,_e_.-_/ _

.d

i

i., i

i i

ii ii,

i i

i

/
ApparentTransmissivity:T =
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---- -- -_,L,._-.i_'LOG l/f --mw lmm
mm mm

._F Instruments Inc. HP System Pumping Ports

Client: y_/_ il%/ ,_s_sc_ Job No.: ay_ 65_

Project/Location: /..p.4j_&_.y_,,04.. Technician(s):_-_/y<s,£b_¢., _

Borehole No.: _y _ z_ . Date: ___ _/_o
DrillType:

a_

DrillFluid: w

Zone No.: _,JL _ Interval Length: _z//
e_

Hole Si_: _i.) r _, Interval Depth: Les- 2_+,, , ,,

Elevation Head(wrt G.S.):

RecommendedMinimumExtraction: '--..

Date/Time Pumping Port Opened: /.'__o l_t,. ,:_,_.,,i._. _-Closed: P-4o-*,.. F_z_,/_o
PumpType: /V/_,,::.f_.F_,u/,,_*,- - _" _u::.-o.. ._ 2,,o' _,_.,,,.,.__ _ /'_""

c.,._,,J_?? -* a,_ _,,,,__. "._-,,_,.,_ _ _,..,,,_[_'7.,_,_.W,'_
Pumping History ._"'_ __'_"

VDlume Cumulative Pumping A H comments
Date Time Pumped Volume Rate

_._e ,_.

-*e.E

,,,,j

,., ..,.

i iiill I I

m,,, ..

,, ,.1 ' ' '"

I
Apparent Transmissivity: T =
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'"-' Wcstbcy
'_ _ _ PLI_PINGLOG

m m I
_le L_t_men_ InC. HP System Pumping Ports

V

Project/Location: _)_J_ _/t_','._ Technician(si: £._e_z_u_ A's,/p,,,fc
Boreh_le lqo.: _j,_ Date: f-____.£_/t_

/

Drill Type:
-' Drill Fluid: --_

Zone No.: __ _L /_) IntervalLength: _/

L HoleSize: _).l L_ IntervalDepth: IZt/-I_'

ElevationHead(wrtG.S.):

'_ RecommendedMinimumExtraction: -----

Date/TimePumping Port Opened: F____o Closed: /:_.p.,,, ,/E_ z_/f'.
PumpType: IUq_.or_e_ G_s ..t..,_¥ C_-_,_,_e..,_'_ '/ _r_ _sr. _p_ &£ _._,,,,

, ., F'p Aeret _'_" :_ _: _c_.o ' ._f'_c /_.

t

Volume Cumulative Pumping AFl Comments
Date Time Pumped Volume Rate

,,,,i

_ _ %/__:_ _:'_ _,_

IO:_ I$"_-o_,_ .s.. _._./_-A_.. . C._.4,_

- /0,45 ,,. t,r,4£,_,,c #_" f'_*""' "'- _,_g .k. _._,.,:Fc,, ._

I'
,i ,,

u-o_...=_"_,,_,,,, .....

+ '=l.,_

,NJ

ii

. ,,.,

iii

i , 'l

i.

% ,, --ii

Apparent Transmissivity: T =
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-* AppendixE

MW-3Piezometric Pressures/Levels, Field Data Record, Feb 12,1990
_, MW-3Piezometric Pressures/Levels, Field Data Record, Feb 21,1990

MW-3Piezometric Pressures/Levels, Field Data Record, Mar 3, I990

_J

Westbay Instruments Inc.
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--- -- PIEZOMETRICPRESSURES/LEVELS
' ' WestbaVm m

, Ik &l FIELDDATAAND CALCULATIONSHEET
_ 1_ _F Instrumentsinc./.

-, Do.._: pressure_c_e'rmeEt.t_,_lt..Oate:FEB/2., ,t_'_ JapNo.:_.:.'0

Bev.Groc._lSfc: --'- Serl_No.: _',_/-TZ. DrEholeNo.: ,_'"'_

Height MP Casing - d_lrS_4- 0""'_ /_._ C O_ove Grota_ Sfc: Range: 0 to ' _ I_ . Client: ,

Bev. top of ...-
MP Craig: - Weather: /.,/e-FT..$,,,,,.,_,_ Co_ngaze/Type: /'Y/P -/- 5' "'

ReferenceBev. _ E _/I/_r,./,4,:Steel C._g: Ba,omeffic Pressure: _ Oi:_ral'or:
F

/

-_._r,_ dE _/' _ d?_ Z 't_/_ _.
m i

Depth to Meas. Ruld Pr_e R_ngs
Port Valve. ff. m Elev. Mem. pa Trans. Trade. Press.Heacl Plez. Level

Temp.. H:M:S OutsiOe Port. Outside Port. Comments

_., Rom i From Port _de i outadeI _a, K 'ft.m ft.mLog Cable ff . m Casing ,, Casing Casing

-' ?'250 ..2''° ,'_,_&,,.e

_ .1'[_ _'_" /_. / :_f_._I_,-/_

.. /s'7.'z-_ 2._.'7 to:_'_..
15'_.'2.1 _,ls.'z to:2.?

Z_3._ /P':36 ..

z_s.8 /_-3i' (;_.)

-" Lr_s_) 23'/.._ /_,4_



--- PIEZOMETRIC PRESSURES/LEVELS'.v ._.

' ' H/estbGVm M

I B FIELDDATA AND CALCULATION SHEE'[ ?"l_ _I' InstrumentsInc./
-_v ,o_._,...q

_,.,,,. -- Pr..,,,,,=.,_.£6 oat,:_ /z,/_o ,o,,o...._£©.
Bev.GrounclSfc: "'-- SedalNo.: t"_i_-,'/_''_... DrUlt_eNo.: _[/" _

Height MP Casing
aOoveGro_'lcl Sfc' . , Range: 0 to i_'_ O psi Client: _/A_ ,_"P/- /,5__E=o/
Bev. top of _ e,

c_,Q: , ' w._.,: ,-%,,,,,,/ c,_,,Q_z.m_: 1,£ _ t
Steel C..o._g: Baromeltlc Pressure: Operator: ,

i i i m

Depfh to Meos. RutclPressureReaaings
Port Valve, ft. m Elev. Meas, psi Tram. Time. Press.Heacl Rez. Level

i I I Temp.. H:M:S Outsic_e Port, Outsicle Port.: Comments
From ' FrOm" Port ImiOe outsiOe Insicle K ff . m ff . m
Log ,,Cabl e ff , m Casing , ,Casing Casing

zfc,__ .z_.j / _z._

2ss. q-! h, 5o
,,, z_. _1 lo-_'/ 6_.o

142.o Ifz .o
ZSb.T 1_ $/. 3o 2 ''°,¢e_v_,,.

ii

4. $_1'1e' /Z._ z_.¢/_-_ ,,
L._) 1_,.5 _. z.,,,/o:_, ,,

I78._; I,,_8

178'.L 2P_.I " 11%o /.31-7
" re.r, ,l/_O-/o

¢

'--" (_'_) 1%,15 ll,o_ ,,

..... 2707_



A

..... PIEZOMETRICPRESSURES/LEVELS
I M

'_ I, il' RELDDATAAND CALCULATIONSHEET
', _k. ._ Ir_mrnon_ Inc.

_._. '-' ,,._e P,o_T_.££ D_te: ,,_._ /z,/,_yo Job.o.: /5'o

eev._o,._dsf¢:."-'- se,c_,o.:_g /F'Z- Dra_leNo.: "_-3

.,_ MPco_g_... 44sA ,_,/_s_,above Ground Sfc: Range: 0 to _'00 psi Client: ,

,,v.topof _. /.-<''/ //'/MP Cas_g: Weattmr: ___ W.,_.L. Casing Slze/l'ype:
/

ReferenceBev. _ _'_ /,_..._Steel Casing: Barometric Presaze: _ Operatar: .

Depth to Meas. Ruicl !_essure Readings
_,_ PortValve. ft. m Bev. Meas. psi Trans, lime, I:te_. Heacl Plez. Level

Temp.. H:M*.S auricle Port. Outside Port Comments

Log Cable ft. m Casing Casing Casing

I

t ?_'._; ll..o;-/s
..,,?'_ ,, IqS. _, ill-e?..4_'

/_.

_ _ 34,_'z" !_./ //v/:s_
pc,') i_.5 ,,_.Z. !l,/Z.,o,

Io.7._' I//=/$,_,
loC.t/, e I/,ff,o

iI/, /ze.t
/_.z. ' I!:lt,:*o

7.7. I/:16L/5 z,,_ ,_._._,
" /o7..5 Il,Ii, IS,

j,,

/oe.s,Z.c I/,/_-d
I_. Z..

- 2z_) lO5.5 //,_,/5'
/os.5 z't_./ 11,_4s
/os.,_ II:a_ Ill.

loz-[_ //_Z3
/C:_-8 I3.B q: Z-4- _o;._



_J

A

-- -- PIEZOMETRIC PRESSURES/LEVELS
' ' Vl/estbaK· m
i II FIELD DATA AND CALCULATION SHEET

_'1 IL. _ InstrumentsInc./ '_--I

Bev.GroundStc: _ SerialNo.: _ ! _ _-- Drilhole No.: .,_v]/4/-3

Height MP Casing 'v_D_// ,_
above GrounclSfc' _ Range: 0 to -_"(_ psi Client: _/___A
Bev. top of ,,,.

M.Co_O: weou',e_':_'....,_,,/ co._,,',os,efr_,: /._" ,HIp.
ReferenceBev.
SteelCasing: "-' BoromeWicPressure: _ Operator:

AmbientReacting(PresaJre/Temperolure/lime):Start ! _-- [ q,"". . -,.,, P_=h . Cit, :

Dep_ to Meas. Rutcl Pressure Readings _w4
PortValve. fi. m Elev. Meas. psi Tram. Time. Press.Head Rez. Level

'l:rom From Port Inside Outside Imicle K ff · m ff , m
Log Cable ff. m Casing Casing Casing ,,.

8 ....!z_%', I_-_- /--_..
_._z) _._,/_ z¢¢.o /l_z_-._

$_.4 //-_,--_,
13.& //--3/ /3_z

/_[.[, /._.8 /I,._/,_$ _.
 ss'0" /,':.,,-,,.,,, "'

"". 8z. / 11:.$5

/_.? I1.._,_; 2"_4,,.,_,,,._,_
_1.'t //=-_- /5

lo _'5" /_._ Z_z.c//-,_,

.... 5z.{ /_.e II,_z,m /27./ _,
/$.'_ 5z.5 :Z'" _,w_.o..,

$z._ i._.? /-.,-_ -
2/0789



-- Fiie Ha_or !nfcr;ati_n -- '_ i/_

TEDi......... ERI£EHTLR_
I_LIK_ ...... _ASCQIJPL
PROBEI_O... EI_ 0-_00

!qESbllITS...FSl
_- TE_,PI_T .... 0.100000

PILESIfl_.T....0.100000
TF.,_Pi_TSET..0

_ TamJ_ 01 -5:00:00 0 0
_d F_ 21 09:46:52 0 0 SEHI-AUTO FILE CLOS_- PROSRAM_UIT
_edFeb21 10:12:09 1 .1 _I_UTD I).5_ 291.700
_d Feb21 10:_8:05 1 1 SEHI-AUTO232.300 295.500 TE_E_TURESTAHLIZATI_H

'_ lied FA 21 10:38:25 1 1 SEMI-AUTO232.200 295.700
_ Feb21 I0:_9:49 I i SEffI-AUTO232.300 296.400
l_d Feb2I I0:40:02 1 i EEEI-AUTO2_._00 296.500

,_ _d _b 21 I0:42:38 I I SE_I-AUTO232.400 297.200
_d Feb21 10:44:27 I I EEHi-AUTD232.500 297.6_
NedFeb21 10:46:I2 I i 5E_i-AU_ 2_2._00 297.800
ibdFeb 21 10:48:05 I i 8_I-AUT8 2_.500 298.0_

_ _d Feb21 i0:49:34 I 1 _EHI-AUTO263.400 298.100
_d Feb 21 _:49:38 I I 8E_I-AUTO 242.400 298.100
_d Feb21 10:49:46 I 1 8Effl-A_O 234.600 298.100
_d Feb2,tlO:49:5_ I 1 _I-R_O 2_.300 298.000
_d Feb21 I0:50:01 i I 8E_i-AUTO 2_2.700 298.100
_d Feb21 I0:50:09 i I SEMi-AUTO 2_2.500 298.100
_d Feb2110:50:54 I I SEmi-AUTO 2_2.400 298.000

..&O71_SE_-AL_O..... 2_2.3002_8.100 fmm...,._led Feb_' ' "=''_

10._1.._ I i SEBi-AUTD 2i2.300 298.100 L/[ J_,O__d Feb2I '_ '=?
lied Feb,,_( 10:52:26 I 1 SEMI-AUTO232.400 298'100

_. _d Feb21 10:5_:55 1 2 $E_i-AUTO228.200 298._0 ZONEI DATAffI_LOCAT_
_d Feb21 10:55:29 I 2 SEMI-AUTO 23%400 298._0
_d Feb2110:55:50 I 2 SEmi-AUTO 2_9.500 298.200

,,d Feb21 10:56:,2 I 2 5E,I-RUTO 239.500 298.200 _ i']_ Feb21 10:57:06 I 2 SEHI-AUTO 239.500 298.200 2.
lied _b 21 10:_7:_ I 2 _I-RUTD 228.200 298.200
tied Feb2I I0:58:47 I $ SE_I-AUTO219.600 298.200

_. ied Feb21 10:59:02 I _ SEHI-AUTD219.500 298.200
NedFeb21 10:59:34 1 _ SEffI-AUTO 231.$00 298.200

#edFeb21 11:00:05 I 3 SE,I-AUTO 231.$00 298.100 L/r' ._.-,,j_d Feb21 11:00:33 I $ SEHI-AUTO 231.3_ 298.100 _A*
_._ BedFeb2/11:01:02 i _ SEHI-AUTO219._00 298.100

_d Feb2I 11:_:25 1 4 SEHI-A_O 196.900 298.100
#edFeb21 11:02:46 1 4 SEff!-AUTO1_.900 299.000
Wed_b 2I 11:03:45 1 4 8E_I-A'JTO 198.6_ 297.800

lied Feb2I I1:05:_ I 4 SE'al-AUTO 198.600 297.500 -
lied Feb21 I1:06:22 I 4 SE_I-AUTO186.900 297.300
NedFeb21 11:06:41 I 4 SEmi-AUTO187.000 297.300
WedFeb21 11:07:46 1 5 8EHI-AUTO178.400 297.100

Feb21 II:07:54 I 5 SEmi-AUTO178.300 297.100
lied Feb21 11:08:23 i 5 SEmi-AUTO178.300 297.1_

_"_*,_ _d Feb21 11:08:55 i 5 SEMI-AUTO 187.900 297.000

lled Feb21 U:09:2_ I 5 SE,I-AUTO 187.900 2_7.000 _j _,]
ited Feb21 11:09:58 1 5 SERI-AUTO 187.900 295.900 L'
tied Feb21 11:10:48 I 5 SEHI-AUTO178._00 296.900
NedFeb21 11:15:1_ L 6 SE)I-AUTO94.700 296.300
¥;_ Feb21 11:15:52 1 6 $EfiI-AUTO94,700 296.100



IlealFeb21_.17:08 1 6 SEKI-AUT,O lO7.7oo 29s.eoo rT. _."'1 _/_,. F,b21..'.,. I 6  ,i-AUTo lo?,?oo2..60o
liedFeb21 11118109 I 6 SB_i-AUTO94.700 295.600

dill'

BedFeb21 11'18126 1 6 !_!!t-AUTO94.700 295.600 _._. ?
NedFeb21 11119129 1 7 SEKI-AUTD86.000 295.400
led Feb21 L1:20:03 2. 7 6_/-AUTD 86.000 2%%300
BedFeb21 11121106 I 7 S_,I-AUTO 97.200 295.100
kd Feb2'.lU21:46 I 7 _I-AUTO 97.200 295.000 _.- _._
MealFeb22U:_:41 I 7 S_I-AUTD 97.100 295.000 _LTLL/.j
gedFeb22 11:2_:12 Z 7 SENT-AUTO86.000 295.000
I_d Feb21 11123142 1 7 5_'II-AU:I*O86.000 294.900
!ed Feb21 1112_125 I 8 S_I-AUTO 53.800 294,700
lied Feb21 11:25:46 1 8 SF.J,I-AUTO53.800 294,600
lied FEb21 11126124 ! 8 _2-AUTO 66.900 294.300
it_ Feb21 11127102 1 B SEHI-AUTO &b.900 294.100 _.._ _

i,dF,b21!;271 2I D Z'AUTO S,,9002,800 L/2t
BedFeb21 11127:48 I 8 S_,I-AUTO53.900 29_.700
lied Feb21 21:28:0:3 I 8 SENI-AUTO_.900 29_.b00 _,_
led Feb21 IL:2B:SB I 9 ._.rtlI-AUTO45.200 29_.300
gedFeb2I 11129117 I 9 SEHI-AUTD45.200 293.200
&'edFeb21 11:29:_B I 9 6El'ti-AUTO 56.700 293.100
ged Feb2I II:30:!2 1 9 SErf,I-AUTO 56.bOO 292.900 _'
BedFeb21 11:30:50 1 9 S_tI-AUTO 58.5o0 292.&00
BedFeb21 I!:LT:I9 I 9 S_I-AUTD 58.400 292.400

lied Feb21 U.:Z$:09 I 9 S_I-AUTO 58.100 291.900 L..,,._".jr/_n._/_ ';lied Feb21 111_137 L 9 SEmi-AUTO 56,000 292,800

BedFeb21 11134127 I 9 _'HI-AUTO ._S_ )-. _'45,200 291.700 k'EAKACTiVATZOfiPRO_ELOOSE
BedFeb21 11:_5:!0 I 9 SEHI-AUTO _(AT2 _,45.200 ,_91.600
MealFeb22 11:_5:52 I V _I-AUTO 45._00 29!:300 _-
gedFeb21 1t:_6:15 ! 9 6BIZ-AUTO 57.900 29!.500
lied Feb21 ,,,..,,.,..,.,ss"_"u_I 9 S_'II-AUTO 57.700 291.400 _
BedFeb21 ,.2,_,,4 ! 9 .r_,i-A_O 57,600 291,400 AKPCTiVATzD_ _
fled Feb21 J.1:37140 1 9 6efi-AUTO 57.600 29J.,4_ /.
lied Feb21 .......,.,'""=":" I LO _]_4r-Ai,rTOi1100 291.200
BedFeb21 11:T9:04 I 10 _EK!-AUTD19.100 292.200
lied Feb21 111_9142 1 10 S'EqI-AUTD _.000 291.000 _"

lied Feb21 11,40123 i 10 .i-AUTO 33.100 2,0.800 _' ] ,.,NedFeb22 I1140'49 I '10 !_ff,Z-AUTD 33.100 290.600 ?-_'.:_'
liKI Feb21 II142;06 I 10 S_I-AUTD 19,300 290,500 BEAKACTiVATIOH ._
gedFeb21 1!142147 I 10 6_I-AUTD 13.900 290.100
lied Feb22 11:4_:52 0 0 ME/II-AUTO FILE CLOSED- PRDSRAffOUZT



I/
k_AY T= "- :: _/_.._TRDT:_,,. (:) 1989
-- File/eider ZAfcr:atior, -- ...
COMPa.N¥........ ESTSAYZNST

,'ECH......... ER/KS
'_-,_,,_RO,1ECT...... EBASCO/JPL

PROBEIkTO.,. EEi72O-fO0
liiSC ]l_O.... li_ MARCH3/90
TE_PUNITS,.. (K)
IRESL_iiTS.;. FF,I
i'_.P r_,,.T.... 0.I00000
PI_S_LT.... 0.100000
TE_ OFFSET..0

I,',_SzDE D_SIDF. ATMOSP_.RIC_._;;v_Je_c b_+k _ L_v'

sat Hat 0307,,0._, I ! . SEF.i-AUTO 1_.700 292.200_ DT_7:05 AH1_;.'.;r: ;R_._7.5CS,';

Sat Ilar O_..A_'_'_.,,.,_ 1 I SEHI-AUTO 40.000 292.000[NWATERONWAY'''"a_w,,"'
Sat li;r 0307:21154 I [ SEF.i-RUTG234.300 ",%.90_c,,
Sat Hat03 0712310_ ! 1 SEMI-RUTO234.400 296.400 DTN16_.69FROM7.5

_' Sat _ar O_A_.'._..c .T_J_ _._,A_.... _'._ L 1 ._EF,Z-RUTD234.600 _c; '_*d n_"......... H 16_.69FT - -
Sat Har03 071T5152 : I $EMI-A_O ,,e.,O0 298.200 3u ,..,,,..,,,c='n"_RE.qD:;an_
Sat liar O_071_41_ I i SEY,i-AUTO. 256._00 298.100

_,, Sat liar 03 071_4:51 I 1 SE.HI-AUTO 256.400 298.200 _.-n
sat liar 03 09:..... 2. I 5E_j-AUTD 256.400 298.200 III,
Sat liar O_O_.... 5_ i ! S.... A_,O 234.400 298.200
Sat Ilar 0_ _';'"'_'_.......... 1 2 S':_i-AUTO227.900 29E._00 r._',;16_.71FT 12'__,_j/__=,_

'_ sat Har03 07:_:36 i 2 SEF,I-AUTD 242.200 298._00 _J

Sat P.ar 0307=39:06 I 2 SEMi-AUTO 242.200 29_.300

Sat ,ar 03071391_5 I 2 SE_.i-A_O ? __'_._.... v 298.300 _--- i
_, _ Sat liar OJ07:40:07 1 2 SE_.i-AUTO 242.200 298._00 Lcg_'b'

Te _.T:sat Par03 O,.4.... 1 2 SE_i-A'JTO227.900 298.300
Sat liar 03 071411T7 i ,_ SEMI-AUTD223.700 27_.300 DTi163.75FT -'r_;,,_c &'::''
sat liar 03 07:,12:3_ I _ SE)Ii-AUTO 294.900 298.200

_" Sat liar O_07:45:0.c ! 3 SEHi-AUTO 294.600 298.200
sat liar 03 07:43:35 i 3 SEHi-AUTD 294.600 298.200
Sat _ar O_07144:06 I ,_ SEF.I-AUTO 294.400 27_.200
sat liar 05 07:44:36 I 3 SE!Ii-AUTO 296.400 298.200
sat liar O_07:45:05 ! 3 SEHI-AUTD 296.200 298.200 WEAKACTiVRTIDH

Sat liar 0507:45:44 ! 3 SEMI-AUTO223.900 298,200
' Sat liar O_07:46:20 ! 3 SE_I-AUTD 292.500 296.200
_'_ sat liar O_0714612B I _ SEMI-AUTO 292.500 298.200

Sat liar 03 07'46'45 i 3 SE!iI-AUTO 292.500 298.200
Sat liar 0_,07:46:5_ i _ SEliI-A'JTg 292.500 296.200
Sat liar 03 07:47:23 I 3 6EffI-AUTD 292,400 29_.200 /_;/c_e_'

Sat liar 05 07:47'52 I 3 S_!-AUTO 22_.500 298.200 DTW163.75FT _s,_t _z,_e
Sat liar O_071511_ I 4 6EHI-AUTD196.300 298.000 DTH16_,13FT j
Sat liar 05 07152121 I 4 SE)II-AUTO 200.900 297,900
Sat liar O_07.'52.'50 I 4 SE)II-AUTO _0.900 297.800
Sat liar 03 07.5"5-19 I 4 6£P,I-AUTD 200.900 297.700 r .-_
sat liar 03 07:53:51 I 4 SEMI-AUTO 200.900 297.600 L12q'eJ

Sat Har03 07:M:16 I 4 SE_.I-AUTO186,400 297.600 DTWI64.10FT .r,.e,,/'e t;_/__' sat liar 0308:02:02 I 5 SEMI-AUTO177.400 297.000 164.22PT
sat _ar 0_ 0_:0_135 1 5 SE!iI-AUTO 192.000 296.900
sat liar 0308:04:06 I 5 SEHI-AUTO 192.100 296.900

. Sat liar OS08:04:34 i 5 SE!II-AUTO 192.100 296.900
',_,_, sat liar 0_08:05:05 I _ 6EHI-AUTD 192.200 296.900

Sat J_arO) ,,..Al'AC'tlv,,,,*.'_ i 5 6E,_i-AUTe 192.200 29_.900 GAl ,.._u_,";"'"';':".lO,,"?

Sat liar Ol 0B:06104 I 5 SEliI-AbTO 192.200 296.?00 /_2_.2"]
'" Sat _,arO_ =' '""O,.O_._u I 5 SE)II-AUTO177.500 296,900

· .If* '1Sat liar O_08.... 4, ! 6 SEffi-AUTO91,200 296.200 C344.?
Sat liar O_08:121,c2 I 6 _-:Mi-AUTO 109.400 296.000



ue:.4..O i 6 EMi-AUT= !09.400 395.700 2_ _/..Sat Sar O=_ ' '_
Sat Mar03 0B:14:5i 1 6 SE_i-AUTO93.200 295.600 q/o

Sat Mar030E:15:25 I 6 SEHI-RUTO93.200 29_,500 :TWi65.07FT _s_c _:t_
Sat Sar 030S:17:14 ! 7 SE!i-AUTO84.500 ........_==_^n C524.SFT _ "'_
Sat _arOSOS:IE:31 I 7 SEMI-AUTO84.400 ......._e_,,n

, ._,vOvsatyr 03u,..9.,9 ! SSqi-AUTO _9.700 _" ^"
Sat Har 03 ,_..-..._c'_='_c! 7 SEHI-AUTO 9%800 2_5,000

OS..... _ I 7 SEffI-AUTO 9_.800 294.900Sat _r 03 '_'_?

Sat Mar030B:_:52 I 7 SEHI-AUTO 99.S00 294.900
o3oe::2! ? sE,t-AuTo 99,oo2.9oo --

Sat ,ar 03OB:.'_:O_ ! 7 SEfiI-AUTO64.500 294.900 --_'-'_OTW!6:.08 FTYs:.2{ _Z_r_
sathr 030B:24:56 1 B SEfiI-RUTO_2.100 294.500 C251.1FT J

sat fiat 03 08:2A:_ i _ _EHI-AUTO 66.400 29_.600
Sat _ar 03 0B:27:04 ! B SEmi-AUTO 66.400 293.600
Sat _ar 03 06:27:_ i 5 SEXI-RUTO 6_.300 293.400
sat fiar O_08:23:03 I S SEmi-aUTO 6S,_¢_ 29_.200
61t _ar 03 08:28:_ I S SEmi-AUTO 6S._00 293.!00 L,zT.z'J -
sat fiar o_ 08:29:03 I 8 SE!I-AUTO52.200 292.900 _T_165,40FT __::_..? _
Sat fiat 03 08:30:40 I 9 6EKi-RUTO4_.400 292.500 _1.3 FT I
sat lbr Ol OB:_:_ 1 9 SEmi-AUTO $9.300 291.900
sat ffar O_08:_:05 i 9 SEmi-AUTO 5%_00 291.800
Sat Rar 030B:_:33 ! 9 SEHi-RUTO 59._00 291.700
Sat ilar 03 08:34:04 I 9 SEfii-AUTO 59.400 291.600
Sat _ar 030B:34:_4 I 9 _E_!-AUTO 59.400 29!.600 __
Sat asr 0308:_:OL I 9 SEHI-AUTO 59.400 29i.500 //Z_,_

sat lbr 0308:Z5:35 I 9 SE_i-AUTO4_.400 29!.400 _TW 165.4_FT_£,j/_ _i,F_
sat fiar 030B:_:52 ! IQ _E_i-AUTD17.200 290.800 CiTi.TFT
Sat lar 0308._0:._"'" I 10 SEH.-AU,__n 34.700 290.300
Eat _;r 0308:4!:0_ ! lO ._,,.e="_-a"_'..,. 34.700 290.:00
Sat _ar 03OB:41:_ i 10 =:,,.-..,."'"'A,_n 34.800 290,000
Sit _ar _ 0B:42:02 ! lO SERI-AUT_ 34.800 _===n_
Sat tar O_06:42:32 Z 10 SEmi-AUTO _4._00 2eg.eoo r -
Sat _ar O_0E:43:0_ 1 lO SEmi-AUTO _.BO0 2B9.700 LI_ .o t
Sat ilar Ol 0S:_$:37 1 10 SE_I-RUTO17.200 289.60O _Tai_5.70 FT _:_o _'ozr_,,

SE,,I-A_,_ FiLE -Tee ..... ,J '"_Sat _ar 0308:50:05 e 0 v ,,_n _.u.E5 - FEGER_u=:;
Sat fiat 03 ....,...n_-=°'?_ 1 3 SEHI-AUTO218.500 294.400 .._..,r:_',=T
Sat _ar 03 09;01:05 ! 3 SEmi-AUTO 232.800 295.500
Sat Hat O_09.01..2''_ 1 3 SEHI-AUTO 232.800 295.800 ,._
Sit _ar O_09:02:04 ! 3 _E_I-AUTO 232.900 296.000

satRarO3n_'n"_'3 5'_]
.... _.,, i SEti-AUTO 232.900 296.200 Z_,_

SEmi-AUTO218.600 296.600 CT_16_..4 .rTS_,_ _,.S_Sat _ar O_ 09:03:_6 !
sat _ar 0309:1_:04 I 3 SE_i-AUTD 13.900 291.800ATSURFACE 'J
Sat r_r 0309:19:57 O 0 SEHI-AUTO FiLE CLOS_- FR_SRR_QUiT



Appendix F

MW-4Piezometric Pressures/Levels, Field Data Record, Feb 19,1990
MW-4Piezometric Pressures/Levels, Field Data Record, Mar 2, 1990
HW-4 Piezometric Pressures/Levels, Field Data Record, Mar 5, 19g0

(:) WcstbaylnstrumentsInc. '-'



'---- PIEZOMETRICPRESSURES/LEVELS
· II
I M fiELD DATAAND CALCULATIONSHEET ,

_-' Ih. .4/' Instruments Inc_./ ,._

EM.Grc,]_ _: ----- s,._ No.: _ / ¢_' _r._e No.: ,4V/_-- ,f
HeiGhtMPCo_g .___
ot_ove Grc)_cl Sfc: lamge: 0 to ._ psi O/em: ,4/4K'A ,7_0f'""/ ,_ _'A,,C¢O ,.,_

/

gev. top of t..o -/... Co_ng aze,qype: /'J_P "'/,- _ '_'DIvP Camg: _ - Weather: _ )

Reference Bev. AE_-//_$Steel Casing: _ Boron"mtrlc _essure: Operator:.,

., ,.,/.%#Ambient geodng (Prmsurefl'emperature/Trne): Start /_--O.,'T Rnlsh

,., /'"mrt'Yl'_: '_J"'_) ( ut'_ co,,/,rrap_ _¢,_,,r., _tx_,,_2,.c} . _-o,u _.s. '_
Depth to M,em. Fluid I_M___,reReoclings
Port Votve. ff, m Elev. Mem. PSi Trans. Twne. Pteu. Head Plez. Leve_

Temp., H:M:S Ou_Oe Port Outdcle Port, Comments

Rom From Port ' _ j Outside Ir_e K ff, m /t , m
Log Cable fi', m clr_ I Casing Casing

I

gA I, _,gz',_, //_su z_z./., /_,-/I '_
_. //_;._ .z,/s.z _-//.,,, ,, ,, ,,, ,,

i/(,.'1' _f//,5 /_,:;
//_,._ Z'l'&._ /_-27

///,.? '_,,._,,
I/6._ //:_

· /fZ.& //6.7 _[,.5 I_.:_,

_,_?.. 1987'_." //_..5 z(5.,_ /o-4_
I,_.q I___._
I_ ._ _):4_ ..

i ii

11_.5 Ia: _ /- _"_,,'_,,./
)

/'. 5.. I_,.¢'r'_ ,,o,,-



-- -- PIEZOMETRICPRESSURES/LEVELS
' ' 7l/ tDGyffi I1

_-_ _ · FIELDDATAAND CALCULATIONSHEET ___,
_ ._' Ir_trurnon_ inc./
_ _. z_,-7

DattJm:. -- PressureProbeType _'/¢f-lf'_J_Date; _ /¢)/f_O JobNo.: ¢f_/_ _50

Bev.Ground Sfc. _ Serial No.: F,F_ / _ Drillhole No.: /¢¢ 14/4_

Height MP Casing ,./,_/_above Ground stc: "'--'"-- Range: 0 to _ 42_ psi Client: /_/At¢4- _A_--_/
Bev. top of
MPComo: "'"--- We_r: _-_-,/,,o,.. C_ng_e/T_e: //,/P --/.5' ".-¢'_.

Reference Bev. ,. /
Steel Casing: Barometric Pressure: _ Operator: _ _-¢

Ambient Reading (Pressure/Temperature/lime): Start /_,'_'/2 _ _. _?/_;O__ Rnlsh -""-

i,1 m m ,

Dep_ to Meos. Rulcl PressureReaalngs
Port Valve, fl, m Bev. Meas. psi Trans. lime. Press.Head Piez. Level

_'_ I Temp.. H:M'_ Ou_cle Port Outsicle Port. Comments
From From Port Imicle Outsicle Inside K ff, m ff , m
Log Cal_le ff. m Casing Casing Casing

tol. & /_,--51.._,,! 2 ''6x_, _,

5?4, /,':5_'

)35 _ I0,_' "
__ 57._, h-'5¢,3_

,__5 _ f,'i .....4¢._ //,p/
_ /z/,-_ //-w'$,, .....

/_._, 4,4._//,az cfA._,,¢,,

...... /_.4 ,,;_,
- _._/._ i/,o,¢

210789



A

PIEZOMETRICPRESSURES/LEVELS
' ' l/1/estbq/· I B

_-_ ! M REID DATAAND CALCULATIONSHEET_ InstrumentsInc./

Datum: -'-"- PressureProbeType_E/..r_c_lcDate' _ /_.,/_o JobNo.:. _-,/_ _ _'O _.-

Bev.Grour_Sfc: --'--' Smt_No.: _ / _ D_i,'_o_No.: /'_/_'f_'
Heigl_ MP Casing .....--- _,_

Grom_sfc. ,ang,:0to SoO p_ c_t.. 41_.sA.:rt,l./_j,_sr.,,
Bev.t°p of

Casino: Weornm:C,_ ,. (,._e. Ca_ng_efrype: _ p .-. I. c_" _'._.
_ferMlce Bev, ..__.
SteelCasing: Barome'McPrmaze: Ommator: r.-_,,J/¢._

_,,od,e m,,w°n°m_,ou./t_o_:st°, /:_-_/2S'_.<J'//_.'o__ --'-/

i i

DeDthto t/leas. RuldPressureRearings
Port VaWe. ft, m Bev. Mem. psi Trans. Trne, Pres. Head Piez. Level

J C°_ I I T'mP" H:M"S Outside P°rt Out'de P°rt' C°mments
From From Port '0utside _cSe K fr. m ft. m
Log Collie ti', m Casing Casing .....

/_,<.'7
J .. ,.,

_,;1 _ , ;_ -
........ :5_.o. /_.:Ff i I1o/I

'7.4.¢. .//,_=/),, , ,.

... /_5._;...... _t',f.,t.//-/_._ ..
',_,_._,. ,,/,,,,_ .. J./__,_I _

I

/_5._._._ //,_',.,,, _ ,/_.,<'.
ZS._ /o_._ II, R 2'"_,_,_,,¢_v

_-_-_, _.4' Zf'$._ II,A.,J_, , , , , ,.,

_._,,_.L_ _?_'_,' i17.4, ._$._ ,,/,z_ ...

,,, // /.
'-' I?-'_ ?_.z. _,/_._II,z-1 2",_/,.,.,,,_._.

9_. z Ii,Z.1,.%
23O7119



-- -- PIEZOMETRICPRESSURES/LEVELS
- ' IA/ tDo?M FIELDDATA AND CALCULATION SHEET
_ _r Imlrumon_ Inc./
_ _,.+o,_

Dotum: PressureRobe TyPe t,./,._J._/_ Date: /_ I_;/_O Job No.: /.6/_' _'_

Bev, Ground b'fc: .SerialNo.: _ I _'7... Drlllhole No.: /_//,ef -- 4

Height MP Casing -.-.=---
atx_veGrouncl_c: Range: 0 to _ ('_ kga/cm 2 Client: /t/4.s41 ,2'PL/_-SASto
Bev. top of _._._- _ /
MP Casing: Weather: _o_, _ C_ng aze/'rype: _/o ---/oS "._ u_>.

Reference Elev. _ _ /
Stee4Casing: BaromefficPresaze: Operator: _/_-_

J ,,

, Fiu'_=_.essureReadings Depth to Calibration Piez. Level
.._ Zone Depth ("'_Psia_ kg _cm 2 Trans. 'lime, Water in MP check Outside Port. Comments

No. fL ,nsid'-"_--I Outside I Inside Temp., H:M:S ft. psiam. Casing Casing Casing K m. kg a/cm2 m.

SA_ _ ._- 5 ;/1_/ .

I
?8.,t //.-47_
-7'/-z- _.5 //:,_z.-_

_,,,_,_5!97g'0" /$._ !zf,¢.:;//=¢¢

bf ._ I1...5o

- 13.-7!_--? f'51.,;o ' g"_',_v._.

_ _I: I I1'_-'_,
(,4

t

"'_-,'b A

- 1_._
2713_'



--- _ PIEZOMETRICPRESSURES/LEVELS
' ' lA. Da'_-"' I &W REID DATA AND CALCULATION SHEET
_ ._' Ir_ln.Jrr_n_ Inc.
_ ,_.-5_,,?

above _ou_l Sfc-,,. Range: 0 to _'_ _g o/cra 2 Client. ,
Bev, top of '--"--"
MPCO_: We_,_. _,o_.. l:c;_ Cae__: /,_,--/._''.r-J_-
Reference Etev. ------

Steel Cmtng: a4_ome_c _mum: --'- Opef_oc. ,__R,/AS

_vd31entgeoCmg 0Wesmre/Temperalure/Tme):Start /_. _./Z_,_..//_I-_ _

Fluid PressureReadings ' Deplh to Calibration Piez. Level
Zone Depth , psia kg a/cm2 Trans. Time, Water in MP check Outside Port, Comments
No. ft. Inside Outside Inside Temp., H:M:S ft. psia

m. Casing Casing Casing , ,K ,, tn. kg n/cra2 m.

iii

,_.1_,I_51_" /$.7 z'/z.q/._.;;_

,_/._ ,,, __ /.,4_,,_
_.._ /J.'_ I,_-_'1,,_ _ /_'./' _

[_Z-_ /z-_-,s. ........,,
/_. _- /_:z_ ' _-'_..,..,_ _
/Iz._ /z_o /z._.x

d

,,. _.! '_-,.,,._



-'-""" PIEZOMETRICPRESSURES/LEVELS_w' _Bk

- ' IA/ tbq/_.._ [] I
I &W REID DATA AND CALCULATION SHEET _.j
I,. .._ Ir_ln.a'non_ Inc./

aev.oro_duc: s_oJNo.: £_' / F'7- D_e No.: /ff/_'" 4_'
Height MPCasing

Bev. top of
MpC._ng: Weather:_-_ - Coo,- C_ngS_/Type: ,,_/P-- X 5'"

ReferenceElev. /,__.$Si'eelCasing: _ BarometricPressure:, "'--' Operator: _.

Ambient Reao_ng(Pressurefiemperoture/Trne):StGrt t_, _/2_ _///0 :O_._ Frdsh "

Fluid PressureReadings Depth to Cal_ration Piez. Level
Zone Depth psia kg a/cra2 Trans. Time, Water in MP check OutsidePort Comments

No. fL Inside I Outside Inside Temp., H:M:S fL psia lt.m. Casing , Casing Casing K m. kg a/cra2 m.

__, 1¢-9,:_ Iz ,-zC!
/7'/; I ,z=_,._

lIZ. I I,_;,_-_oi

_$.7.. u,z_

t,_5.I !.z,Z¢
'- tD_;._ _.-zI-$o
· !187.7..Ii_'._ _;_-,,

' 177._t0 I10,. 7 _?:0_I

,:,, '///)._......... /z--__ ,
I_;._ /z.--4.¢,__
I_. _o Iz_/_, __ _._

-,, _'71'_7Z:



-'"' PIEZOMETRICPRESSURES/LEVELS
'_-_-,'_ I M FIELDDATAAND CALCULATIONSHEET

_L Jr ir_trurnon_ !nc./

Datum: " r_m_umPto_e_ypeE.Lr/.r.._I_Date: .'_"_--,__ /_'f'o Jo_No- _../_ .&._

Bev._ound_c se_ No.: _'__ 1_7- Ddahc_eNO- /q_- _'

aDoveGroundSfc: Range: 0 to 50_ _kga/cm 2 Cier_. /
Bev.topof _.....---
_: Weatr_: _(,,r,.M: t.oo_ Cas_ szerrype:.. ,4'IP -/,5' "_:: ,Z:>.

Reference Bev. _ /_eM Ca_ng: Bommemcl_essure: OpM(_c_:. JG_ /_S

kn_er_Reodn0C_es_e/Z,mDercmze/T_ne):_o_ !_. 7'//_g7._'///0;0'_ _ '--

FluidPressureReadings Depthto CAlibraUon Piez.Level

Zone Depth Psia kg a/cm_ Trans. 'time. Waterin MP ched< OutsidePort. Comments ,,No. tL Inside Outside Inside Temp.. H:M:S tL pr,ia ti.
m. Casing CAsing Casing K m. kg a/cra 2 m.

'_ 1_1.6 /_, _'1,
15_'.1 _ _/,=,_.

,, !_5.8 _':- IZ--5.? , t
/_.. _,,. zf._.s r,-._S_j, /

f

_55.q: 12:_?
/_o ,,'z=,_;,,_

Iz/.z.. _oo .... F
_,,e..49_ -7_._/.z ... ze_.! I_,,_ !

!

15_.8 /=e$,/$ [

!

;

r
· ,, I

,, [')?rtl '



Em. . LNTsI,)1989 t//
-- FLle Header In:oraatinn --
CDMPP_Y........ _STBAY INST

TECH......... _C

_ PROJECT...... E_ASCO/_PL _
PRO3EINFO.., EEL720-500
ItlSC IhTO.... 1_4 P,_02
TERPUKITZo., (K)
PRES_ZTS... PS!
TE_ ltlJ'T.... 0.100000
PRESfiULT.... 0.100000

TE_ OFFSET..0 ,_

' i

Fri Her 02 10:_:22 4 2 SE,qI-AUT,D 175.100 295.500 T_P£RATURESTABILIZATION
Fri liar 02 10136106 4 2 SE,u,I-AUTO175.100 295.800

Fri liar 02 I01_7106 4 2 SEMI-AUTO175.100 295.800 DTt 144.B_,_FROH_P3_.25 IN Al/:

Ff'/ liar 02 101391_ 4 2 5ENI-AUTOi75.200 295.900
FrLliar02101401154 2 E_I-Ab"_O 100.200295.900
Fri Her 02 I0:40:46 4 2 SE,!-AUTO 198.300 295.900 r ,_

FrL ttar 02 10141116 4 2 SEP,I-AUTO 168.300 295.900 Lll2, of
Fri liar 02 10:41:47 4 2 SERI-AUTD175,200 296,000

Fri tier 02 10145:12 4 4 *_EKI-AUTO122.200 296.100 DT#145.32FT___,_,_]¢ _._'._,_ ,_,
Fri Her 02 10146105 4 4 SE.'It-AUTO137.200 296.100
Fr1 P.ar 02 1014h41 4 4 6E_I-AUTO137.!00 296.100
Fri Her 02 10:47:02 4 4 SEMI-AUTO 137.100 296.100
fr/ Her 02 10147136 4 4 EHI-AUTO 137,200 296,100 ,.- ,,,, _

, FrL Her 02 10140:0_ 4 4 SE.II-AUTO I_.200 2_6.100 //0_,_[

Fri liar 02 10148137 4 4 SErf,I-AUTO ::Z',,J_e _22.200 296.100 /-=_.
Fri Her 02 10:50144 4 6 SEmi-AUTO "J_e,,A_A_ _1.600 296.000 "
FrL P,ar 02 10150:_ 4 6 5EKI-AUTO91,600 296.00'0
Fri Her02 1015213! 4 6 SE._I-AUTO 106.800 295.B00 J

Fr/liar 02 10:5_,:00 _ 6 SEMI-AUTO 106,600 295.700 ri-
FrX,ar 02 10:53130 4 6 $[,I-AUTO 106.B00 295.700 //b_. LP[ _
FrL liar 02 10154101 4 6 SEfiI-AUTO91,600 295.600

,M

Fi'/ liar 02 10156143 4 6 S£RI-AUTO55,700 295.300 146.02FT ,_ _._(;,R
Fr/ liar 02 10:57:47 4 6 SEfiI-AUTO 71.100 295.000 .J

Fri liar 02 10158114 4 e SEHi-AUTD 71.200 294,600 /-,,, "7
fri Rar 02 10156146 4 6 6EF.I-AUTD 71,100 294.700 i /v_.,_ .J
Fr/liar 02 10:59116 4 B $EM!-AUTD55,800 294.600

&.

FrL liar 02 11102111 4 10 SEfiI-AUTO16,600 293.500
Fri Her 02 11:02:17 4 I0 $EfiI-AUTO16.500 293.500
Fr/liar 02 11:02:23 4 10 SEMI-AUTO16.600 293.400
Fri Her 02 11102:25 4 10 SEflI-AUTO16,600 293.400 ' i)TN146.01irt ,_,_c_ _S_

· Fr/Itar 02 11103151 4 10 STHI-A_O 33.900 292.800 '_

Frir. tr0211:04:00 4 10 SEHI-AUTD 33.900292.500 _'_ ._Fri Her 02 11104130 4 10 SEIII-RUTO 34.000 292.300 03,
Fri Her 02 11:04:59 4 I0 SE,II-AUTO16.700 292.000 ._
FrL liar 02 11:05122 4 .10 SEfiZ-AUTO 14.100 291.900JUSTOUTOFHATER
Fri Her 02 11:06:07 0 0 SEKI-AUTD FILE CLO6ED- PROGRAMOUIT



_,. ¥ESTBAY,_eT.,.=uT. , _ _ooo //_;
-- File HeaderInfDraatian -- * '
COMPANY........WESTBAY.N.T

TECH......... ER/KS
_ PROJECT...... _-_._,...c=Ac_""=_ _

PROBEINFO...EEl720-500
MISCINFO....MW4MARCHS/90

.,., TEMPUNITS... (K)
PRESUNITS... PSi
TEMPNULT....0.100000
PRESMULT....0.I00000
_:"_,_,,.OFFSET..0

iNSiDE OUTSIDE A...ep_==,_ _u;v_le_+ " --.............. bcD, /c
_... DA_ WELLZONE nnr - ,

MoaMar05 15:;7:5_ 4 i - SEMi-AUTO17_.600 295.B00 TRANSDUCERSTRBiLi!ATiZN
NonMar05i5:48:12 4 i SEMi-AUTOi76.600 295.E00
NonMar05 15.... 44 4 I SEMi-^bIO 176.600 2%.100

...... AU,O 176.600 296.2001_.w2._v 4 _ erst. eTHunMar05 _'='_?
""'Mar05 '='_ '_'......... 6.._ _ I SEMI-AUTO176.700 2%.400

_._ NonHat05 ...... 47 a 1 SEMI-AUTO!76.700 _o,.^
NonMar05!6:00:21 4 i SEMi-AUTO176.700 ...._;_nn _EPTHTOMATER[4B.SO,...:::Trn_,_,OF._
P9

I .A$._ManMar_n_,6 .....0 4 I SEmi-AUTO176.700 296.500 Tno,_,OFSTU_M°,,CA_i_IS._.._'=_= IHCF

·_o.u,O 276.&00MoaMar05 I_:01:32 4 I SEMi-AUTO_" "o
NonMar05 16:02:19 _ I S:,.-AO,. 176.800 296.600

,6...._9 4 I SEMI-AUTO254.900 296,600,,, Mo^Mar05' '^_"
HunMar0516:0_:06 4 I SEMI-AUTO 256.700 296.600 _RON__._.,._,.'n_^T:n_
HunMar05,,.,_.,a'_'_='"4 I SEMi-AUTO176,800 296,600

CA .NonMarO_16:06:39 4 2 SEMI-AUTO17....0 296.600 DTN14B,55FEETDELO_TOPOFMP _'_'
,_.' Mo^Mar05 '^"^_ "'16...... 4 2 =:_.A.:_nI72.500 296.600 COb?LImBDEPTH_iZFE_T

ManMar05 .^_._n _16...... 4 2 SEHi-AUTO172.500 296,600 -,-'_"_:" _£_
a

MortMar0516:0B:2_ 4 2 _,,,c=mT-a'Tn._,_ lS_.lO0 2_6.500
NonMar0516:0_:42 4 2 SEMI-AUTO 18B.100296.500

HunMar0516:09:0_ 4 2 SEMI-AUTO 1SS.lO0296.500 C//_.O'J
Mo^Mar05 ' '^.n.6._9..4 4 . SEMI-AUTO.,.._vvl?__nn ,,w._vv_C__n^

MoaMar0516:12:15 4 _ SEMI-AUTO16_.700 2%.400 DTW148.60FEET:_,ns_e_S,_
'-_, NonMar05 '" n._ T MT _T n. _ _- .,_.l,._a 4 _ SE,,.-AU,Ot6_.700 296,400 ,OOP_I,oAT492 FEET

Mo^Mar05 16:13:0i 4 v SEMi-AUTO 163.600_ , _^n
HunMar05 16:13:2B 4 _ SEMi-AUTO !77.500 296.500

HunMar05 16:I_:47 _ _ SEMI-AUTO 177,500 296.500 j_l_ -_
_onBar0516:14:06 4 3 SEMI-AUTO 177,500296.500 _,. .0'
MD^Mar0516:14:$7 4 3 SEMi-AUTO163.800 296.500

M_nMar05 16:14:42 4 _ SEMI-AUTOi6_.700 296.500
_' _,_- Mo^Mar0516:1S:45 4 4 SEMI-AUTO119.500 296.600 DT_149,00FEETCIOPLIN_,,rT,._91

MonMar05 16:I9:19 4 4 SEMI-AUTO119.500 296.500 :2'nS_ _A:(_
ManMar0516:19:42 4 4 SEMi-AUTO 1_7,000 296.500
NonMar0516:20:05 4 4 SEMI-AUTO 1_7.000296.400

_'_ Mo^Mar05 16:20:22 4 I erur_au?n ...... 0 296.400
Mo^Mar05 16:20:41 4 4 SEMI-AUTO I_7.000 296.400 D_.
Mo^Mar0516:21:50 4 4 SEMi-AUTO119.500 296._00

._4 m_. MortMar05 16.... 57 4 4 SEMI-AUTO119.500 296._00
NonNar0516:2_:S0 4 = SEMI-AUTOIlO.SO0 296.200 OEPTHTOWATER!49.06FEET,O_P_lNG¢ , e

' C litMortM;r0516:2_:_6 4 _ .EMI-A_,O 110._00 296.200
'-- MonMar0516:24:52 4 5 SEMI-AUTOII0.800 296.100 _-_/

NonNar0516:25:15 4 5 SEMI-AUTO 127,600 296.100

Mo^Mar05,i6:25:_ 4 5 SEMI-AUTO 127.600296,000

-- ManN,r0516:25:55 4 5 SEMI-AUTO 127.600 296.000 /--1_'_-_Non_ar0516:26:16 4 5 SEMI-AUTO 127,600296.000 .
1_v._gO _c' n nNonMar05 16:26:56 4 5 :=.,.^.Tn._,,,..,. '_ca _,o._0_



05162_252 4 6 11EMi-A_O8B._O0 295.800 _' _/_liar
lira hr 0516:_:11 4 6 S_i-_LrrO 106.700 2rS.BO0 *

_-_ BaaBar 0516230240 4 6 S_i-AUTO 106.700 2_5,700 f' ?

e1622121o, 6 s,I-_o :o67oo2,26_ //o_';lira Ilar
fan Bar05 162512_ 4 6 SEmi-AUTO88.900 295.600
Iloa _ 05 162_5-_, 4 7 S_Z-al,rrO 110.200 295.300 ])TW14;._5 _ CGUPL!N6GEP_:0

I_ Ilar 05 _623_:a_ 4 7 b/H_-AUTO110.200 295.300
lam Ilar 05 16236226 4 7 b_t-_UTO _5.700 295.200
f_ Bar 05 _:_7:00 4 7 S_._i-AUTO _5.700 2_5.200
fica hr 05 16:_7:_ 4 7 S_I-_tUTO 95.800 295.200

hr 05 16:38:13 4 7 S[_I-AUTO110.200 295.200
HenBar 05 1623824_ 4 7 S£fi!-RUTO 94.800 29'_.I00 SE_ ACT2VATIgN _
It_ Bar05 16239205 4 7 $EHI-R_TO 94.800 295.I00

BarO_i162_9229 4 7 EJS2-_bTO 94.800 295.100

.caBa_05162_,:_o4 7 SE_i-_uTo ,4.,oo2,5.oo0 L,,o_r"_.""_I_ liar 05 162402Cl 4 7 . $[HioRUTO 94.c;00 295.000 _'_
Pm liar 05 1624_24_ 4 11 S_I_I-RUTO53.100 2_4._00 IE??RTO_AT_ 24;._7 F[_T :D-_?LF_S

1_ Bar05 16:44:i8 4 11 S_!-RUT_ 55.100 2;4.900
_n Bar 05 16:44:4_ 4 S SEIki-AUTO 71.000 2q4.700
PanBar 05 I62452!5 4 S E_i-AUTO 71.100 2;4.600

lionBar 05 16:4,:46 4 $ $E_!-_i,_,_ 71._00 2,4.,00 _ ,_Ibq far 05 16246218 4 11 S£Ki-A_O 71.100 294.400 O_._
Bar 05 16:46:4_ 4 8 $EKI-R_O 5_.I00 294.400

WmIlar 051624624_ 4 B SE,U,i-Rb.O_.100 294.300
lion Bar 05 16248227 4 9 S£Mi-RUTO44.400 294.100 I)EPTHTOiiRT_ 12%62FEETCOUKL_

Bar05 1624_25_ 4 9 SERi-AUTO44.400 294.000
liar 05 1624;221 4 9 $E.",!-AUT_ 62.100 29_.900

lion liar 05 1624_250 4 _ $ER!-abTO 62.200 29?,.900

Bar05 16250222 4 9 SE_.I-AUTO 62.200 29_.800 /_ -]
,'IDaBar05 16:_249 4 _ S£_i-A"dT,O 62.200 2_$.705 L O'_'c_'.._
ficaEar 05 16:_1:2_; 4 9 $E_i-RUTO44.400 295.600
BanBar05 16251255 4 9 SLql-A_O 44.400 293.600
HcaBar 05 16:51:_5 4 9 $ERI-AUTO44.400 29_.600

Bar 05 162_52_2 4 10 S£R!-A_O 13.S00 292.700
Ear 05 16255241 4 10 SERIoAUTO13.800 2_2.600 C'_Lq_Lit_GRT!4; ._ET "'_

I_a Ilar 05 16256206 4 10 SE_-_D 123.1100272._00
t_ Ear 05 16:56:27 4 10 BEKI-AUTO :33.800 292.200

Ba_0516:56:_4 _o 11Efi!-_o _.,oo2_2.ooo /)__ '7
_caBar 05 16257228 4 10 SE_t-RUTO ._.800 291.800 L'--' ;_ .J _'
1_ Ilar 05 1625_:02 4 10 SE.ti-AUTOI3.900 291.600
fi_ Bar 05 16:_:12 4 10 S_IU-AUTD15.900 291.600
lionBar 05 16:58:19 4 I0 _fiI-RUTD 13.900 2;I.500ENDD; PRDF!_2D_F.I HOTACCES_,_

Ear 05 16:_:50 4 10 SFJII-AUTO 1:3.900 291.500
ftcaBar 05 16258:54 4 10 S_fii-AUTO 13.900 291.400
BoaEar Q516:59:22 O 0 6[fiI-AUT() FILE CLOSLrl)- PRDGRAHI_'_.'.T



Appendix G

MW-3Groundwater Samp]ing Field Data Sheets - 6 pages.
MW-4Groundwater Samp]ing Field Data Sheets - 6 pages.
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I

'_'1_ _ _ _ _ ' i.... _:_ _ _ _ _, _
· , (A

" GroundwaterSampling.-' '.-W stbaF
lk. Jr Instruments Inc,/ FIELD DATA SHEET

Project /'J/,'fs,4 ._F','/_5::o Location . P4-_z>_-"_A..,_u_.,v/4 Deplh /_Z" Date ,_ __Z_,/?'_
DrillholeNo. /Y_/.u-._% SamplingZoneNo.. .,/L:_. SlarlingT,'ne _P-_g_7,t.,,_ FinishingTime _-'._o I' .wi.

Technicians E__/_J._,_c//f'_,4,_ ¢_,rz._. I

WaterLevellnsideMPOasing (!_g_ofSessio.) /_,/./0' ,,_,.e,_ -,at, or _'_." (EndolSe.io.) /(,,/.5'5 t
SamplerProbePreparation.SeeSamplingPlan CollectionBoUlePreparalion- SeeSamplingPlan

......... : g /.,

SURFACEFUNCTIONCHECKS SAMPLECOLLECTIONCHECKS

Run Aclivallon Vacuum Check Valve Evacuate Valve Watnr I.e,ml VaJ_ Open Valve Closed Warm level Volume Sample .4_
No. Valve Closed Open Conlaimr Closed h MP ( It ,.,_ _ Time Time In MP ( It ,_,) Rel_tevod Container __

' _ I _ V_ 15.3._5 fltoz:o o Il: oq'.._.O 1_3,q_ I.O

6 _-- _ ' _ _ I _ I$$,$0 , Ili5/1[_i$ ..... ll:E;_.'15 1_'.3, g7. el_ ' I

g _,/ v' _-/ _/' _/ 1_$.(,7.. t3_zv.'_o ;3 _4:oo ?_,,_'z.. c_+

11 _ ' ,jr ..... _ I/ _ 1,5&.47 I,(1:?..5;30 I't:_'oO i c_,.[7 ._/ar ',',

,14. ,..........
15
16,.........

.!7......

.18 .............
19
20
21
22 ....... i ............ .

23
24. '.................
25 ....

lolal Volume ·

FIELDDETERMINATIONS( APPEARANCE,pH, S.C.,elc.) '=1:55 P_ 1, ol w_,,,, IS -L) 5.-.Cl58
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1_ ,al' Inslruments Inc./ FIELD DATA SHEET

Prolect ,a,_._ ,7_.//z;s_sc_ Localion ,,c_.S,fP_,_i,4, _,,f,,/,,_,e,,v//f Depth _2. Dale ,_S Z_S/_',,,

Drillhole No..,,_/,t/-_ Sampling Zone No. '_ Starling Time _- 'Fc_,,_.,,, · FblbNng Tlme t% ;C_

Technic:lam_r,_//_*/J:'_'-

WalerLevellnsldeMPCasing (Begtm_olSes._) /_/.._,_/_0 7-'354,,.. (EndofSesdm) .'$K.,L '_.e._ _ _#-.g-r.

Sampler Probe Pmpaafion - See Sampling Plan Collectbn BoUle Preparalbn - See Sampling Plan

..... Al/ &l_ _t,
SURFACE FUNCTION CHECKS SAMPLE COLLECTION CHECKS _, _¢D.4, g.g.

_..,.&IL D,eNle_..t

Activalk)n VnaJumCheck Valve Evacuate Valve Wain*_ ValveOpen V_ _ Wal_ _ Votume Sample
Nifo. ValveClosed Open Centaber Cbsed InMP( It, m ) Time Time InMp.( It , m ) Relrkwed Container

(!) Type
I v_' _/ / _" ' _" I ;B._ _:_1'.o_ a._.=o /55?7 7 = 1,0 i_U l_,_,_e_s
2 _' v _ t/ _ _/', I _._., _t q:ll: SO q ;1_,1SO 15'$.,5'O

4 _.._- .... ._." .. :.. ..SG,ab_,,'1,,J ._.,,,Jl_ _=efHe.t. _)
5 _" I,_ L,,, i,,,/ . t..,,,/' /_'(_.12_ /0;141;3,0 /o:tq:o0' . ./_.1:5
6 c,/' "L.../ _ L..; c../' IgC.to /p:_"_.:_o ip.'_;_ I._.IB
7 '_" t.._*. _ c,," _" I_.Z3 //, q:30 II;I._:0o /_&.Z_

e8 v" _ t,/" t,/ %3' 1_*&.2_l II .3?,po II :.3'1'3o _s'g.&n
9 ./ "'" v/, , ,/' _ u/ t5_._S' I_-OO:OO _z.:oa.:,so is_,._x._ ,,. I.O_ "'
10 v _ t,,"' .. _,' ,../ v/' 15'_._fl t 153.'u Se 12:[S':eo I_g. ql
11 i,

12.......
13 ,
14
15
16
17 ......
18..i _.
19 , ,, , ,

20 .......
21 ,.
22
23 .. .. ..........
24. _ .....
25 ....

Tolal Volume:

FIELD DETERMINATIONS( APPEARANCE, pH, S.C.,elc.) _".,._o j_L.J 7.15 '1-¢,..,o_/(,.6'c...%<.$'to
;,H _o.o'c s'-



{ t { I I t' ,I ! ! { i { f { I " t

- GroundwaterSampling' ' 71 stbal/I l
_ M
lk. .al' Inslrumenls Inc./ FIELD DATA SHEET

OrillholeNo. MId :Si.L, SamplingZoneNo. _3 SladingTime _.'5:lt_ FinishingTirne _':__0 p_
Techniclans-

WalerLevel InsideMp Casing (BegimlngofSosslon) 5_._ ',_,_. _ <_7'. {EndolSession) 1(_,.3Z _

SamplerProbePmpara!ion- SeeSamplingPlan CollectionBottle Preparation- SeeSamplingPlan ;,mP_=,, 2 x ,o,,.._ vo,,'_

SURFACEFUNCTIONCHECKS SAMPLECOLLECTIONCHECKS _,_z,:_,,.t s_. _41e5

Run Activation Vacuum Chock Valve Evacuate Valve Walor Levol Vdm Open Valve Closed Wa_ Levd Volume Sample
No. Valve Closed Open Cenlaher Closed in MP ( It , m ) Time Time In MP ( It , m ) Reldeved Container

(I) Type

2 '/ v," _ _" / l$_.17' I_,:_.'.%:CO I_ ._.5:3o 1_6.1_' ,'v/.o
3 ,,/ _ ,/ _,/ L/, /g&.?_l' I_.:sq:oo I_:l.t :5o i_C&.P___ ~/._,
4 V/ v ,_", _ t.,/ J-_'(..Z4 * IL{ _k_OO 1½_ff&:30 _g'_,.7.._ .,./.o
5 I,,,/ _,' V,. ,.,,/' V,' ;_&.SS-, _;:lo: IS- Is-:l.s;oo I.c6.3_' ~/.o
6 V ._ V V' ,/ 15&.fro · i c;:_g-.4_O I.S-:ST-SO I ,..c_.ql _,/.,

8 u/ u, v,/ ,,,' v. /5(_._5 _ I_.-_;, fo {_.-_./a /5(,._,? ,,%0 _--,,,._,_.,,_
9 _/' v" l/_ v"' / I_1f,,.""'1,3' I_-'oZ'3o [{_,o,,<,oo 16G.?B 'y'.o
10
11
12
13
14
is
16
17
18
i9
2O
21
22
23 i i i.....

24
i ...................

25
TolalVolume:

t,/omFIELDDETERMINATIONS( APPEARANCE,pH, S.C., etc. ) J--]_'t..,j, , 15:$o1_,15;H_ _'_g.H T¢7T'*e,,_ I _.(_'c-I (_,,'r... ..5,.,_5z.._"5_floc).
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I_. _ InslrumentsInc./ FIELDDATA SHEET

i

Dfiatole No..._/,_",,_ SampUngZoneNo. /'/ Sla_lingTme _:5'5 4/_. FintshingTlme I'Z:_,,_'
Technicians J__ /AFJ¢

.,/

waerLev,;_sU. ar, cas_g (_,; ots-_ _ //; 5'.'ZI ' o'/ ?: _ /t44. (E_aS.,,_ )
SamplerProbePmparal_ - SeeSampr_gPlan CollectionBoUlePreparalbn- SeeSamplngPlan

SURFACE_TION CHECKS A,b,,,k SAMPLECOLLECTIONCHECKS _'Lr._ ,,,_._;.%. I_H k,.

Ac!ira!ira VaoJUmCheck Vat_e Evamate Valve WaW_ VdveOpen Val_ _ W_ _ Volume' Sample
No. Vdve_ Open C.m_mr Closed h Mr'( ft _ _ _ inMP( _ .)_'} _U,vm C.o,_

..... U) Type
t ,/ v / _ v / ,,/" /_r.?_/ _t.'M:_ I):,;oo .... /._.% --'/.o
'2 ti," _, _,, _ v' IE_,,oT.. _: _:5o _:_lg:o_ I.Sl:,o! ;,I.e ·
a ' u,/ ' u,/ ,,,;..... u/' _g,.oe 9: z._;_:_. ,1:2_.:oo /._.o.7. _ _ _!_.. '_,,...., _,_f_

L._ ' ' ' l_4.1_ ?;'.-_: l$ 9:_?:0o ,(;;,_1 '-i.o _ ,- "_,_.
4
5 _'", _ M"_/ . IK/,.I _-
6 ,.,,,' _ v,';. u,/ ,.--/ i5¢.2.q h:o'ros' n:(s(r,_o It_;.?..,.I IL.,'"' l_.
7 _ ' t/' ...V' .,./ . V ..... I__t_._O II :q/:"_' II ;_;3a I.qA._O K,,4,-_I.,11
8 V . .,V_,,, _ v" .v.' I$() .2,5' I_:11,: ,15' I1.' 'lq: _1 1_;&.3q z.._v._

., ,'

10
!1 ......
12
!,3 ........
14
!,s ............
16 ........
17

'18 ". ........ " . ............
19
20 .. . ....
21
22
23
.2.4 ....
25

. - -- _ / TolalVobme'FIELDDETERMINATIONS( APPEARANCE,pR, S.C., etc. ) _].._ /1_/_,;t _rab_, ,, ._,u_ o_ _t_41_ _n_,' _ '
__e:-Z_ ,H .-/.z_-..T,:>.v, _,5"c_ u._,..-3'_2.?,,,.t,s

' ' --4: -"t .... (,, ,,,_ f.-' r_u__,_).O,,.-.,-_(5,_ec,~¢. (


	This record consists of multiple electronic files
	Second electronic file


	CONT: 


